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SUMMARY 


This report is the second part of a two-part report documenting 
the development and subsequent application of a computer program for the 
design of axial-flow turbines* The Part I report (NREC Report No. 1147-1) 
describes the computer program itself and the analysis procedure upon 
which it is based. This Part II report is concerned with the application 
of the computer program to the analysis of turbine design requirements. 

The report presents the results of a general investigation of 
the effects of changes in the meridional velocity distributions specified 
at stator and rotor exits. These results are intended to provide future 
users of the program with some guidance in choosing suitable values of 
this new analysis variable. The report also presents the results of a 
specific investigation of the geometry and design-point performance of 
six multistage turbines which satisfy a selected design requirement. The 
six turbines consist of five-, four-, and three-stage versions of an Ip 
spool at each of two maximum tip diameters. The performance predictions 
show a 6.0 per cent drop in tota 1 -to-tota 1 efficiency as the number of 
stages is reduced from five to three at the larger tip diameter, and a 
4.1 per cent drop for the same reduction at the smaller tip diameter. 

For the two most highly loaded designs, the tota 1 -to- tota 1 efficiency of 
the smaller spool was 2.4 per cent higher than that of the original tip 
diameter design. 
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INTRODUCTION 

Under Contract No. NAS3-9418 for NASA-Lewis Research Center, 
Northern Research and Engineering Corporation developed a computer pro- 
gram for the analysis of the geometry and design-point performance of 
axial-flow turbines. During the development of the program and its sub- 
sequent use for particular design specifications, it became clear that 
for some design requirements, the resultant solution of the design prob- 
lem was extremely sensitive to two of the analysis variables which had 
to be selected by the program user. These two analysis variables were 
the radial variation of stator exit tangential velocity and the varia- 
tion of power output function with streamline number. Flow conditions 
at stator exit are controlled by the first of these variables; the second 
is the major factor influencing the solution at rotor exit. While the 
choice of these variables for a stream-filament analysis of a turbine 
design-point requirement appeared logical and acceptable, experience 
with the computer program has shown that considerable skill and experi- 
ence are required in order to obtain satisfactory design solutions. 

A modified computer program, designated Program TD2, has been 
developed to overcome these deficiencies in the original program. This 
has been accomplished by deleting the specification of stator exit tan- 
gential velocity distributions and stage power output distributions, and 
substituting in their place options to specify distributions of meridio- 
nal velocity at stator and/or rotor exits. In this manner, the variable 
which has in the past exhibited the greatest variation may be limited by 
the turbine designer in advance to a reasonable range of values. Thus, 
the computation of designs for which there is no acceptable solution in 
terms of blading angles has been largely eliminated. 

A full description of the resulting revisions in the analysis 
and the detailed Fortran coding of the program has been presented in the 
Part I report (NREC Report No. 1147-1). This Part II report has two 
major objectives. First, it is intended to provide guidance to future 
users of the program in selecting suitable values of the new input 
analysis variables. At stator exit design stations, a range of 
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meridional velocity gradients corresponding approximately to constant 
section, free vortex, and solid body stator angle distributions are 
considered. At rotor exit design stations, the effects of these same 
gradients on the radial variation of work output, rotor exit angle, 
and velocity ratio are discussed. Second, the report illustrates the 
suggested use of the program for a design analysis and performance 
optimization of a multistage turbine. Six alternative versions of 
the turbine were established by employing a conservative number of 
stages and two lower numbers of stages at each of two maximum tip 
diameters. All six versions of the turbine maintain the same hub con- 
tour, Thus, the results provide a means of evaluating the likely trade- 
off of efficiency with annulus height over a range of individual stage 
1 oad i ngs . 

Report Arrangement 

The report is divided into three main sections. The first 
section presents the results of a general investigation of the effects 
of varying the distribution of meridional velocity specified at a 
stator or rotor exit. The second section contains the performance 
predictions for the six alternative versions of a multistage turbine. 

The annulus dimensions chosen for each design are presented first. 

Next, the effects on predicted efficiency of work split between the 
stages, specified meridional velocity gradients, and stage mean reactions 
are discussed. Finally, the predicted variation of optimum efficiency 
with maximum tip diameter. and number of stages is presented. The last 
section of the report consists of tabulated velocity triangle data 
and the full computer output for each of the six final designs. 
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THE EFFECTS OF CHANGES IN MERIDIONAL VELOCITY GRADIENTS 
I ntroducti on 

The increased design freedom of the rotational flow approach to 
turbine design, while overcoming the arbitrary restrictions of conven- 
tional free-vortex design procedure, necessarily leads to increased de- 
mands on the judgment of the designer. As a result of the wide range of 
designs specifiable with the previous .version of the program, intract- 
able cases often arose; for many of the possible choices of Input vari- 
ables there proved to be, in fact, no valid solution for the flow field 
at a design station. Thus, whenever a design was to be executed, it was 
necessary to devote considerable effort to merely achieving usable results. 

The present revision of the set of input variables has resulted 
in a version of the program essentially free from this prospect of fail- 
ure. Nevertheless, in exercising the new capability, some decisions must 
still be made as to the relative desirability of various nonconstant dis- 
tributions of through-flow velocity. 

In the absence of any directly relevant experimental data, the 
choice of meridional velocity distributions for a particular design re- 
quirement must be based on an analytical investigation of the aerodynamic 
and mechanical acceptability of a range of alternative designs. In this 
section, the results of such an investigation are presented with the in- 
tent of providing some guidance for future users of the program. 

The total -pressure-loss assumptions employed in the calculations 
may exert considerable influence on the variation of flow conditions and 
performance with specified velocity gradient. These assumptions are ac- 
cordingly reviewed in the first part of this section. Next, the varia- 
tion of stator exit parameters for a range of meridional velocity gradi- 
ents are discussed. The section concludes by considering the correspond- 
ing variations at stage exit design stations. 

Tota 1 -Pressure-Loss Assumptions 

The recommended values of the input constants defining the loss 
correlation given in Reference 1 have been used without exception in all 
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the calculations described in this report- For convenience, the resulting 
correlation is repeated here: 



where the suffices //ns and denote inlet and exit conditions relative 
to a stator or a rotor section. Throughout the analysis no additional 
loss factors were specified. Hence, no attempt is made to account for 
penalties imposed by tip clearance or aspect ratio effects. Finally, it 
must be recognized that any loss correlation derived from over-all stage 
efficiency data will be subject to question when applied locally on a 
streamline basis. Nevertheless, experience with the current correlation 
has reinforced the belief that both the radial variations of loss at each 
design station and the over-all efficiency trends in a family of designs 
will be predicted with acceptable accuracy so long as extreme designs 
subject to separation or shock losses are avoided. 

Stator Exit Flow Parameters 

The primary analysis variable governing flow conditions at sta- 
tor exit design stations is a specification of the radial gradient of 
meridional velocity as a function of radius, along with the tangential 
velocity at the mean streamline. The secondary option of specifying flow 
angle as a function of radius has been retained without modification ex- 
actly as in the prior version; thus, it does not require further descrip- 
tion here. 

For the initial investigation, it was decided to consider only 
linear distributions of meridional velocity. Thus, a single value of 
meridional velocity gradient was specified at an arbitrary radius within 
the annulus. 

Results from three such runs have been compared. in Figure 1. 

The actual gradients specified were 400, 0, and -400 fps per ft; annulus 
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dimensions and other design requirements correspond to the first stage of 
a four-stage version of the lp spool. (This design is discussed at greater 
length in the second section of this report.) Equal tangential velocities 
of 1035 fps were specified at the mean streamline for each of the three 
alternative meridional velocity gradients. In general, the stage may be 
considered typical except for the presence at stator inlet of a signifi- 
cant positive gradient of total pressure with radius, due to specifica- 
tion of constant work output for the preceding rotor of the hp spool. 

The computed tangential and meridional velocity distributions, 
which have been normalized by their mean streamline values, behave in the 
familiar manner already reported in Reference 2. The specified 18 per 
cent change with respect to the constant distribution in hub and casing 
meridional velocity level produces an average of only a 3 per cent change 
in the corresponding tangential velocities. As a result, it is the me- 
ridional velocities which determine the variations of stator exit and 
rotor inlet blade angles; at both hub and casing, the angles are lowered 
where the meridional velocities are high. Consequently, the negative 
gradient yields the most constant distribution of rotor inlet angle with 
radius; the 21 deg rotor inlet twist required by the positive gradient is 
reduced to only 8 deg when the negative gradient is imposed. 

The same trend is exhibited by the absolute stator angle dis- 
tributions. However, the magnitude of the chosen negative gradient ex- 
ceeds that required for a constant stator angle design. Furthermore, it 
would probably be necessary to specify more than a single value of meridio- 
nal velocity gradient to obtain a strictly constant distribution. Were 
this required, however, the simplest alternative would, of course, be to 
specify the desired distribution directly, using the alternative stator 
exit input option.' 

The same set of parameters has been plotted in Figure 2 for the 
final stage of the four-stage lp spool. The primary difference here lies 
in the increased annulus height due to the 22 deg flare at the outer 
casing. Thus, the hub meridional velocities for the same positive and 
negative gradients differ in this instance by 57 per cent of the meanline 
value. Once again the corresponding tangential velocities exhibit little 
variation, differing by only 4 per cent at hub and tip between the two 
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extreme gradients. As can be seen from the similar shapes of the three 
tangential velocity distributions, the majority of even. this small change 
is due to displacement of the mean streamline toward the hub as the me- 
ridional velocity gradient is decreased. 

A final comment should be made regarding the crossing of the 
normalized tangential velocity distribution, observed in Figure 1, which 
does not appear in the results for the final stator. The reason for this 
point of difference lies primarily in the differing stator inlet condi- 
tions to the two rows. Because of the fixed inlet total pressure profile 
to the first stator assumed in the lp spool analysis, tip tangential ve- 
locity must increase as the tip meridional velocity decreases. The final 
stator, on the other hand, follows a rotor designed by the specified me- 
ridional velocity gradient technique; the stator inlet total pressures 
for the three designs therefore vary in a manner reflecting the stator 
inlet meridional velocity variation (set equal to that at stator exit). 

As a result no additional tilting of the tangential velocity distributions 
is required to satisfy radial equilibrium and each follows an approxi- 
mately free-vortex variation. 

Rotor Exit Flow, Parameters 

The effects of varying the specified gradient of meridional ve- 
locity at a rotor exit design station have been illustrated in Figures 3 
and 4 for the two stages discussed earlier (first and last stages of a 
four-stage Ip spool). Both stages were designed for approximately zero 
exit swirl.; work output of the first stage is approximately 75 per cent 
of that of the final stage. 

With regard to the rotor exit blading angles, it will be seen 
that a significant reduction in twist may be achieved by manipulation of 
the velocity gradient. in the case of’ the final rotor, for example, when 
the negative gradient is specified, hub and casing values of blade exit 
angle differ by 25 deg. This variation is reduced to less than 3 deg 
when a positive gradient of meridional velocity is substituted. The 
positive gradient achieves this reduction at a rotor exit design station 
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simply by eliminating the effect of the radially increasing blade speed 
on the rotor blading angles. 

Although reduction of rotor exit twist is often a desirable ob- 
jective, consideration of the remaining curves presented in Figures 3 and 
4 show that it cannot be achieved, at least for these designs, without 
decidedly undesirable side effects. The-low hub meridional velocities 
required by the positive gradient greatly reduce the absolute velocities 
at rotor hub exit. Hence, the row velocity ratio of the final stage is 
increased from 1.23 obtained with negative gradient to 1.75- .At the same 
time, the magnitude of the rotor hub exit angle has been increased by more 
than 10 deg, from -49 deg to -60. The net result of these changes is, of 
course, to significantly increase the rotor hub tota 1 -pressure-loss co- 
eff i ci ent . 

The final parameter shown in Figures 3 and 4, the radial varia- 
tion of total temperature drop normalized with respect to the mean stream- 
line value, presents at first sight a relatively confusing picture. For 
the first-stage rotor, the pos i t i ve . grad i ent yields a hub total tempera- 
ture drop 93*5 per cent of the meanline value, as opposed to 91 per cent 
for the negative gradient. In the case of the final stage, the situation 
-is reversed with the positive gradient associated with the lowest total 
temperature drop, 85 per cent of the meanline value, as against 94.5 per 
cent for the negative. 

This behavior may be explained qualitatively as the result of 
two opposing trends. When hub meridional velocities are locally high, 
the correlated value of loss coefficient will be low. Hence, the achiev- 
able work output will tend to be hi,gh. However, in a stage of near-zero 
exit tangential velocity, the requirement of radial equ 1 1 i br i um * i s for 
approximately constant static pressure across the annulus; hence, the high 
hub meridional velocity will require a locally high value of total pres- 
sure, reducing the available hub total pressure ratio across the stage. 
Hence, the achievable hub work output will tend to be low. It is there- 
fore necessary to determine which of these two effects will predominate 
in a given case before any conclusion can be reached on the effect of ve- 
locity gradient on hub total temperature drop. 
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Considering now the first-stage rotor, it will be seen that the 
relatively small increase in velocity ratio with the positive gradient 
proved less important than the associated increase in total pressure 
ratio, and thus a 3*5 per cent greater hub work output was achieved. In 
the case of the final rotor, the much greater increase in hub velocity 
ratio predominated, and consequently it was necessary to unload the hub 
of the positive gradient design. 

The complexitity of this situation is not at all unexpected; in 
fact, it forms the. basis of the need for the present program revision, 
since with the prior version it was necessary to estimate a work output 
distribution a priori, by attempting to assess the relative, importance 
of the two opposing trends described above. Figures 3 and 4 illustrate 
the difficulty associated with specifying a work distribution to obtain 
a design; relatively small changes of the stage total temperature drop 
distribution have accompanied considerable changes in the other design 
parameters. The major advantage of the present version of the computer 
program lies in the ability to control the most relevant variable, namely 
the meridional velocity, directly rather than indirectly through the in- 
termediary of a power output distribution. 



10 


PERFORMANCE PREDICTIONS FOR A MULTISTAGE , 

TWIN-SPOOL TURBINE. 

Introduction 

D.esign requirements for a multistage twin-spool turbine were 
specified by NASA for use in demonstrating the capabilities of the re- 
vised computer program. They are as follows: 

Inlet Total Temperature 2410 deg R 

Inlet Total Pressure 342.4 psia 

Inlet Flow Angle 0 deg 

Inlet Mass Flow 111.9 lbm/sec 

Specific Gas Constant 53*35 ft lbf/lbm deg R 

High Pressure Spool: 

Power Output 24*530 hp 

Rotational Speed 10,800 rpm 

Low Pressure Spool : 

Power Output 20,110 hp 

Rotational Speed 4646 rpm 

In addition, coolant flows to the first three hp rows of 1.9, 
1.9, and 1.8 lbm/sec at 1400 deg R were specified, and a schedule of 
specific heat variation from 0.288 Btu/lbm deg R at hp inlet to 0.262 
Btu/lbm deg R at lp exit was provided. 

The geometry and performance of a total of six turbines satis- 
fying the above design requirement were to be predicted. Three were to 
have a maximum tip diameter of 43-2 in at exit from the lp spool, while 
the remaining three were to have a reduced maximum tip diameter. Within 
each of these two groups, a number of stages consistent with conserva- 
tive aerodynamics and two lower numbers of stages were to be considered. 
This section presents the results of this investigation. 

Annulus Definition 

Hub and tip diameters for the larger maximum tip diameter de- 
signs were established by NASA and may be summarized as follows: 



1 1 


hp Exit/ 

hp Inlet lp Inlet lp Exit 

Root Diameter, in 28.0 28.2 29.0 

Casing Diameter, in 30.2 32.2 43.2 

Based on the results of preliminary calculations, a design consisting of 
two hp stages and five lp stages was chosen to represent the most con- 
servatively loaded turbine. Since it did not appear advisable to attempt 
a single-stage hp spool, the more hi ghly ' loaded designs were obtained by 
two reductions in the number of lp stages. The three designs at the origi- 
nal tip diameter thus consist of identical hp configurations with either 
three-, four-, or five-stage versions of the Ip spool. 

To define the streamline angles of inclination at each calcu- 
lation point throughout the machine, the axial spacings between the inter- 
row design stations are required. For the conservative design, equal 
spacings of 1.5 in were assumed, thereby limiting the maximum streamline 
slope angle at the tip to 20 deg. The hub and tip diameters were assumed 
to vary linearly with axial distance between the values tabulated above. 

For the four- and three-stage lp spool designs, slightly larger design 
station spacings of 1.7 and 2.0 in, respectively, were chosen, reflecting 
the anticipated decrease in optimum pitch/chord ratio as blade deflection 
increases. The resulting tip flare angle of the most highly loaded de- 
sign was therefore 25 deg, an acceptable value. 

In generating annulus dimensions for the three reduced tip di- 
ameter Ip spools, two approaches are available. First, the lp exit an- 
nulus could be maintained at its original value by sufficiently reducing 
the hub diameter. Alternatively, the hub contour could be held constant 
and the exit annulus area allowed to decrease. The first option was 
judged undesirable on two counts. First, hub loadings of the three- and 
four-stage lp spools are already high at the original hub diameter, so 
any additional reduction in wheel speed would lead to excessive perfor- 
mance deterioration. Second, the effects of reduced tip diameter at con- 
stant exit annulus area have already been adequately studied with the prior 
version of the program, and hence such an investigation would only dupli- 
cate prior efforts. It was therefore decided to adopt the second alterna- 
tive of employing the identical hub line for all six turbines. 
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An lp spool exit tip diameter of 37.4 in was finally selected. 

This value was chosen so as to halve both the exit annulus area and the 
tip flare angle. Identical design station axial locations were employed 
for the corresponding original and reduced tip diameter versions of the 
Ip spool. The six resulting annulus configurations have been shown 
schematically in Figures 5 and 6, accompanied by a summary of the per- 
formance parameters eventually obtained for each. 

Optimization Procedure 

With the design requirements and annulus dimensions preselected, 
only three analysis variables remain to be chosen by the designer. These 
are the following: 

1. Work split between the stages 

2. Row exit meridional velocity gradients 

3- Stator exit meanline tangential velocities (and, hence, 
mean line reaction) 

Each of these parameters was accordingly varied independently of the others, 
and optimum values derived for each of the six designs, using the criterion 
of predicted tota 1 -to-stati c efficiency. Final designs were then exe- 
cuted, based on a consideration of both the calculated optimum values and 
the requirements of good design practice. 

Variation of Efficiency With 
Stage Work Sp 1 i t 

Included with the design requirements originally furnished by 
NASA was a specification of the fractions of over-all spool work pro- 
duced by each lp stage. These had been chosen to maintain equal mean- 
ling stage loadings, defined as for the five stages. As 

a result the ratio of f i rst-to-1 ast stage work output was approximately 

0.75. 

To determine whether constant meanline stage loading in fact 
produced optimum spool performance, a series of four-stage, original tip 
diameter spool designs was investigated. The ratio of f i rst-to-last 
stage work output was varied from 0.54 to 1.44; work outputs of the in- 
termediary stages were linearly interpolated between the values established 
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for the first and last stages,, To permit a valid comparison between the 
various spools, meanline stage exit swirls throughout the machine were 
maintained at zero* Similarly, all row exit meridional velocity gradi- 
ents were set equal to zero in the input data. 

Results of these runs are presented in Figure 7 « The optimum 
total -to-total efficiency of 86.87 per cent was obtained when the work 
output of the first stage was 13 per cent greater than that of the fourth. 
However, over the wide range of work output ratios from 0.95 to 1.40, less 
than a 0.1 per cent deterioration in total efficiency is indicated. At 
the constant stage loading point (work ratio = 0.75), the predicted per- 
formance decrement has begun to increase more rapidly and amounts to ap- 
proximately 0.5 per cent. Hence, selection of the stage work split for 
an optimized design does not appear highly critical. However, results 
for the four-stage spool show that choice of slightly decreasing stage 
enthalpy drops is preferable to use of a constant stage loading design 
criterion. This approach was accordingly adopted for the four-stage 
spool s. 

The lower pair of curves in Figure 7 presents* the results of a 
similar investigation on the three-stage lp spool at original tip diame- 
ter. Because of larger mean stage work output for this design, .the 
achievable range of work output ratios was limited by the occurrence of 
sonic conditions at stator exit. Over the entire range investigated, 
however, the efficiency increases at a modest rate as the loading of 
the first stage is increased. Hence, in choosing an optimum work split 
for the three-stage spool, the designer must weigh a ^0.3' per* cent pre- 
dicted efficiency improvement against the disadvantages of specifying high 
Mach number blading for the stator of the first Ip stage. As a conse- 
quence, constant stage enthalpy drops (work ratio = 1.0) were specified 
for the three-stage spools. 

Variation of Efficiency With Meridional 
Velocity Gradients 

To investigate the influence of meridional velocity distribu- 
tion on predicted spool efficiency, a series of ten alternative designs 
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based on the three-stage versions of the Ip spool were analyzed. Four 
of these runs specified equal velocity gradients of 0, -200, -400, and 
-600 fps/ft at both stator and rotor exits. The remaining six designs ap- 
plied the same gradients to stator or rotor exits only, while maintaining 
radially constant meridional velocity for the rotors or stators, respec- 
tively. The predicted variation of total -to-total and total -to-stat?c 
efficiency is presented in Figure 8. 

Optimum tota 1 -to-stati c efficiency of 80.65 per cent was pre- 
dicted when a meridional velocity gradient of -200 fps/ft was imposed at 
rotor exits only. None of the other combinations of stator and/or rotor 
velocity gradients proved superior, on the basis of calculated static 
efficiency, to the datum constant-meridional-velocity design. A slight 
improvement in total efficiency could be achieved by the use of very large 
rotor exit meridional velocity variation; an optimum was found with the 
-600 fps/ft gradient. However, the large resulting spool exit gradient of 
absolute velocity led to a more than 0.2 per cent decrease in static ef- 
ficiency-. Since the rotor exi't twist also increases (as shown in Figures 
3 and 4) as the gradient becomes larger, the optimum static efficiency 
point (stator gradient = 0, rotor gradient = -200 fps/ft) was selected 
for the final designs. 


Variation of Efficiency With 
Mean Stage Reaction 

Previous investigations using the current loss correlation have 
shown that mean stage reaction, conventionally defined as the ratio of 
stati c-to-tota 1 temperature drop across the rotor at the mean streamline 
is a significant factor in the performance - 3 evel predicted for a design. 
Hence, .a series of designs ranging from impulse tofull reaction were 
analyzed for the three-stage, original tip diameter spool. Calculated 
efficiencies and spool exit absolute flow angles have been plotted versus 
the average stage reaction of the three stages in Figure 9» 

When stage reaction falls below about 0.4, spool efficiency 
drops rapidly because of the unfavorable decelerations experienced near 
the rotor hub sections. If, on the other hand, reactions above 0.6 are 
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specified, performance again deteriorates significantly due to the exces" 
sive deflections required in the stator rows and the elevated level of. 
spool exit Mach number. Hence, optimum total and static efficiencies 
occurred at average stage meanline reactions of O .56 and 0..36, respec- 
tively. On the basis of these results, a reaction of 0.41 was selected 
for the final design. This permitted the first two stages to operate 
near peak total efficiency while using a lower reaction for the third 
stage so as to limit the spool exit swirl angle. As can be seen from 
the symbols representing final design values, a net increase in static 
efficiency was achieved. 

Similar investigations were undertaken for both the original 
and reduced tip diameter versions of the four- and five-stage lp spools. 
In all cases, the inlet tangential velocity to the rotors of the final 
stages was fixed so as to avoid undesirable levels of spool exit swirl. 
Results of these computations are presented in Figures 10 and 11, re- 
spectively. Optimum performance was in all cases predicted for the 50 . 

per cent meanline reaction designs. The original tip diameter spools 
proved more sensitive to the choice of mean line reaction than those exe- 
cuted with the reduced annulus configuration. This occurs since the 
lower meridional velocity levels, in the larger annulus result in greater 
stator row velocity ratio changes and hence greater increases in stator 
loss as the rotor' inlet tangential velocity level is reduced to achieve 
high reaction designs. 


Variation of Efficiency With Maximum Ti] 
Diameter and Number of Stages 


Full details of the thermodynamic and velocity triangle data 
calculated for the six final designs have been tabulated at hub, mean, and 
tip radii in Tables I through VII. The computer output from which these 
tables were constructed is reproduced - i n appendices to this report. Ap- 
pendix I contains the output for the common hp spool used for all six lp 
designs. Appendices II and III present the output obtained for the origi- 
nal and reduced tip diameter lp spools, respectively. 
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Because of the manner in which the tip diameter reduction was 
effected, the primary point of contrast between the designs lies in the 
higher meridional velocity levels in the later stages of the reduced di- 
ameter spools. As a consequence, significant reductions in stator and 
rotor blading angles were achieved. This- may be seen in the following 
tabulation of stage loading and flow factor, defined as the ratio of av- 
erage meanline meridional velocity to average blade speed. 

Stage 



i 

2 

3 

4 

5 

Five-Stage Original: 
Stage Loading 
Flow Factor 

1 . 5204 
0.7503 

1 .4072 

0.6014 

1.3053 

0.5287 

1.2131 

0.4936 

1.1285 

0.4864 

Five-Stage Reduced: 
Stage Loading 
Flow Factor 

1.5619 

0.9022 

1.4999 

0.8708 

1.441 1 
0.8726 

1.3851 

0.9034 

1.3316 

0.9735 

Four-Stage Original: 
Stage Loading 
Flow Factor 

1 • 9256 
0.7403 

1.7358 

0.5904 

1.5199 

0.5275 

1.3314 

0.5103 


Four-Stage Reduced: 
Stage Loading 
Flow Factor 

2.0534 

0.9197 

1.8787 

0.9036 

1.7172 

0.9286 

1.5677 

1.0065 


Three-Stage Original: 
Stage Loading 
Flow Factor 

2.4389 

0.7102 

2. 1479 
0.5744 

1.8966 

0.5625 



Three-Stage Reduced: 
Stage Loading 
Flow Factor 

2.5497 

0.9282 

2.3835 

0.9438 

2.2288 

1.0872 



Hence, in terms of the 

Smith correlation of 

achi evabl e 

turb? ne 

ef f 5 ci ency 


(Ref 3) which is based on stage loading and flow factor, each stage of a 
reduced tip diameter design would be plotted at a slightly higher level 
of loading and at a higher value of stage flow factor than for the cor- 
responding stage from a design using the original outside diameter. Thus, 
in conjunction with the range of stage loading leve.ls achieved by varying 
the number of Ip stages, a fairly wide range of points on the efficiency 
carpet has been covered. 

The variation of lp spool tota 1 -to-total and total -to-static ef- 
ficiency with number of stages and maximum tip diameter has. been plotted 
for the final, optimized designs in Figure 12. Figure 13 shows the 
corresponding variations in spool exit absolute flow angle and Mach 
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number. Use of four rather than five stages at the original tip diameter 
led to a loss of 2 per cent in total efficiency, An additional four 
points were lost when three stages were employed. 

The reduced tip diameter spool S' showed superior tota 1 -to-tota 1 
efficiencies over the entire range investigated. However, the achiev- 
able improvement was relatively insignificant for the five-stage spools, 
amounting to only 0,5 per cent. As the number of stages is reduced, the 
advantage of the smaller spools became larger, reaching 2, 5 per cent for 
the three-stage designs. Hence, depending on achievable diffuser perfor- 
mance, the reduced annulus height designs become increasingly attractive 
as stage loadings are increased. 

Concluding Remarks 

The predicted variations of tota 1 -to-tota 1 efficiency with 
stage loading can be considered reliable. The computed relation between 
the performance of the original and reduced annulus height designs is, 
however, more open to question. As was stated earlier, the predicted 
values are directly dependent on the loss correlation assumed in the 
analysis. Since the reduced designs would almost certainly have sig-- 
nificantly higher relative rotor tip clearance and lower aspect ratio, 
some loss in efficiency beyond that predicted by the correlation would 
be anticipated. However, until such time as experimental data become 
available from stages designed using the current analysis procedure, the 
loss correlation recommended and used in the program can be considered 
.satisfactory. 

During the investigation of the effect on predicted performance 
of changes in the analysis variables, only relatively small changes in ef- 
ficiency were predicted over a wide range of stage work splits and me- 
ridional velocity gradients. Whereas the .actual performance of a blade 
row is undoubtedly affected by the over-all design of the row, a purely 
stream-filament analysis with loss assumptions derived ultimately from a 
meahline performance correlation cannot fully predict the actual perfoi 
mance differences of designs having the same annulus geometry and mean- 
line reaction. Thus although specification of a meridional velocity gradi- 
ent at a row exit will modify the radial distribution of local flow angle 
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and velocity ratio and hence -1-ead to a redistribution of losses across 
the annulus, the mean values of angle and velocity ratio, and hence the 
over-all loss level of the row, will remain relatively constant. Simi- 
larly, variation of the work split between the stages will not signifi- 
cantly alter the average stage loading of the spool. Thus, the observed 
efficiency variation when these parameters are varied may be somewhat 
smaller than that which would be expected in practice. Choice of these 
analysis variables should accordingly include careful consideration of 
the over-all desirability of the resulting design rather than merely the 
predicted mass-averaged efficiency. Particularly in the area of select- 
ing rotor exit meridional velocity gradients, experimental data derived 
from stage testing would be of considerable value to the designer. 
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CONCLUSIONS 


1. Performance predictions for a series of multistage turbines having the 
same over-all design requirement have shown a 6.0 per cent drop in 
tota 1 -to-tota 1 efficiency for a reduction from five to three lp stages 
at a constant maximum tip diameter of 43-2 in, as against only a 4.1 
per cent reduction over the same range when a tip diameter of 37«4 in 
is employed. Values of tota 1 -to-stati c efficiency were approximately 
2.0 per cent lower than corresponding tota 1 -to-tota 1 values for the 
designs at the higher tip diameter; for the reduced diameter spools, 
the difference amounted to 6.0 per cent. Hence, the advantages of 
reduced annulus height become increasingly significant as the indi- 
vidual stage loadings are increased, amounting to 2.5 per cent in 
tota 1 -to-tota 1 efficiency for the most highly loaded spools. 

2. in a study’ of the effects of changes in the specified gradients of 
meridional velocity, it was established that desired variations in 
blading geometry may be rapidly obtained in a manner fully consistent 
with chosen assumptions regarding the radial distribution of total 
pressure loss. Although the revised program no longe r req uires 
specification of interfilament mixing to obtain valid solutions in 

a multistage design analysis, it should be recognized that arbitrary 
omission of this effect may result in designs which employ greater 
radial variation of work than that required in the actual stage en- 
vironment. Thus, an effort should be made to derive a realistic 
correlation of the intensity of interfilament mixing with the flow 
conditions at a design station. 

3. An investigation of the effects of varying the stage work splits and 
row exit meridional velocity gradients, using the recommended form of 
the loss correlation, indicated relatively little variation in mass- 
averaged turbine efficiency over a wide range of values of these analy 
sis variables. Predicted values of efficiency for a given design re- 
quirement depended, primari ly_ on..thfe chosen.iannul us confi i gurati bn,. and- ‘ 
stage mean reactions. Hence, it would be desirable to review the 
form of the correlation using experimental data from stages designed 
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using the specified velocity gradient approach. Since the correlation 
is now applied on an iterative basis, it would be possible to include 
parameters related to the over-all flow field at a design station in 
assessing the performance levels of the individual stream filaments. 
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TABLE I - VELOCITY TRIANGLE DATA FOR 
TWO-STAGE HP SPOOL 


STAGE 1 



Hub 

Mean 

Casing 

Station Radius (ins) 




Stator Exit 

1 4= 025 

14.706 

15.350 

Stage Exit 

14.050 

14. 866 

15.600 

Angles (deg) 




Stator Exit 

72.3 

72.4 

71.9 

Rotor Relative Inlet 

13.8 

-2.0 

-16.4 

Rotor Relative Exit 

-72.0 

-71.1 

-71.4 

Stage Exit 

3.3 

5.4 

6.7 

Velocities (fps) 




Stator Exit 

1494 

1439 

1390 

Rotor Relative Inlet 

450 

437 

455 

Rotor Relative Exit 

1367 

1435 

1494 

Stage Exit 

424 

470 

486 

Blade Speed (fps) 




Rotor Inlet 

1322 

■ 1386 

1447 

Rotor Exit 

1324 

1401 

1470 

Total Pressure (psia) 




Stator Exit 

332.28 

333.28 

334.04 

Rotor Relative Inlet 

257-58 

263.45 

269.30 

Rotor Relative Exi t 

251.30 

257.74 

263. 6t) 

Stage Exit 

/200.51 

201.64 

202.08 

Total Temperature (deg R) 




Stator Exit 

2393'. 1 

2393.1 

2393.1 

Rotor Relative Inlet 

2252.4 

2262.9 

2273.5 

Rotor Relative Exit 

2238.8 

2249.5 

2260.6 

Stage Exit 

2119.2 

21 19.2 

2119.2 

Velocity Ratio 




Stator 

O'. 286 

0.297 

0.307 

Rotor 

0.329 

0.305 

0.305 

Loss Coefficient 




Stator 

0. 124 

0.120 

0.116 

Rotor 

0.129 

0. 108 

0. 101 
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TABLE I - VELOCITY TRIANGLE DATA FOR 
TWO-STAGE HP SPOOL. (CONTINUED) 


STAGE 2 



Hub 

Mean 

Cas ? ng 

Station Radius (ins) 




Stator Exit 

14.075 

14.998 

15.850 

Stage Exit 

14. 100 

15-202 

16.100 

Angles (deg) 




Stator Exit 

70.6 

69.8 

69. 1 

Rotor Relative Inlet 

15.1 

-2.0 

- 17.6 

Rotor Relative Exit 

- 69.6 

-66.9 

-65.5 

Stage Exi t 

3.2 

6.0 

6.4 

Velocities (fps) 




Stator Exit 

1554 

1488 

1429 

Rotor Relative Inlet 

535 

516 

541 

Rotor Relative Exit 

1389 

1493 

1596 

Stage Exit 

485 

595 

685 

Blade Speed (fps) 




Rotor Inlet 

1327 

1414 

1494 

Rotor Exit 

1329 

1433 

1517 

Total Pressure (psia) 




Stator Exit 

194.71 

196.45 

197.39 

Rotor Relative Inlet 

143.49 

148.73 

153.89 

Rotor Relative Exit 

140.34 

146.34 

151.93 

Stage Exit 

108.23 

108.86 

1 10.69 

Total Temperature (deg R) 




Stator Exit 

2108.2 

2108.2 

2108.2 

Rotor Relative inlet 

1957.4 

1970.3 

1 984. 4 

Rotor Relative Exit 

1 96 - 1 . 0 

1974.2 

1988.9 

Stage Exit 

1838.0 

1838.0 • 

1838.0 

Velocity Ratio 




Stator 

0.273 

0.316 

0.340 

Rotor 

0.385 

0.346 

0.339 

Loss Coefficient 




Stator 

0.101 

0.097 

0.094 

Rotor 

0.118 

0.084 

0.067 
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TABLE II - VELOCITY 

TRIANGLE DATA 

FOR FIVE -STAGE LP 


SPOOL (ORIGINAL MAXIMUM TIP 

diameter) 



STAGE 1 




Hub 

Mean 

Casing 

Station Radius (ins) 




Stator Exit 

14.140 

15.437 

16.650 

Stage Exit 

14. 180 

15.698 

17.200 

Angles (deg) 




Stator Exit 

60.2 

59.7 

59.5 

Rotor Relative Inlet 

31.3 

24.3 

15.3 

Rotor Relative Exit 

-55.7 

-60.2 

-64.3 

Stage Exit 

-13.5 

-15.8 

-16.7 

Velocities (fps) 




Stator Exit 

1015 

988 

950 

Rotor Relative Inlet 

591 

552 

521 

R'otor Relative Exit 

831 

879 

915 

/Stage Exit 

481 

459 

434 

Blade Speed (fps) 




Rotor Inlet 

573 

626 

675 

Rotor Exi t 

575 

636 

697 

Total Pressure (psia) 




Stator Exit 

107-07 

108.46 

108.99 

Rotor Relative Inlet 

95.98 

97.37 

98.50 

Rotor Relative Exit 

94.73 

96.08 

97.17 

Stage Exit 

87.84 

87.60 

87.31 

Total Temperature (deg R) 




Stator Exit 

1838.0 

1838.0 

1838. 0 

Rotor Relative Inlet 

1788.5 

1789.2 

1792.2 

Rotor Relative Exit 

1789.8 

1790.2 

1793.0 

Stage Exit 

1756.2 

1749.1 

1745.5 

Velocity Ratio 




Stator 

O 

4=- 

•^1 

OO 

0.603 

0 . 721 ' 

Rotor 

0.711 

0.628 

0.569 

Loss Coefficient 




Stator 

0.069 

0.089 

0.115 

Rotor 

0. 142 

0 . T 30 

0. 126 
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TABLE II - VELOCITY TRIANGLE DATA FOR 

FIVE -STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 2 




Hub 

Mean 

Casing 

Station Radius (ins) 




Stator Exi t 

14.220 

16.073 

17.750 

Stage Exit 

14.260 

16.289 

18.300 

Angles (deg) 


■* 


Stator Exit 

66. 0 

63.8 

62,3 

Rotor Relative Inlet 

39.8 

21.7 

1.5 

Rotor Relative Exit 

-59. 1 

-64.4 

-68.9 

Stage Exi t 

-15.4 

-17.9 

- 17.8 

Velocities (fps) 




Stator Exit 

1003 

908 

836 

Rotor Relative Inlet 

531 

438 

408 

Rotor Relative Exit 

808 

869 

916 

Stage Exit 

431 

400 

364 

Blade Speed (fps) 




Rotor Inlet 

577 

652 

720 

Rotor Exit 

578 

660 

742 

Total Pressure (psia) 




Stator Exit 

86.34 

86.41 

86.33 

Rotor Relative Inlet 

76.43 

77.66 

78.91 

Rotor Relative Exit 

75-30 

76.74 

77-89 

Stage Exit 

69.47 

69.22 

68.92 

Total Temperature (deg R) 




Stator Exit 

1756.2 

1749.1 

1745.5 

Rotor Relative inlet 

1703.2 

1702.8 

1706.5 

Rotor Relative Exit 

1 704. 2 

1703.7 

1707.4 

Stage Exit 

1669.8 

1659.8 

1655.4 

Veloci ty Ratio 




Stator 

0.480 

0.506 

0.519 

Rotor 

0.657 

0.503 

0.445 

Loss Coefficient 




Stator 

0.111 

0.106 

0. 102 

Rotor 

0.157 

0.114 

0.114 
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TABLE II - VELOCITY TRIANGLE DATA FOR 

FIVE-STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 3 




Hub 

Mean 

Cas I ng 

Station Radius (ins) 




Stator Exit 

14.300 

16.725 

18.850 

Stage Exit 

14.340 

16.877 

19.400 

Angles (deg) 




Stator Exit 

68.1 

65.3 

63.4 

Rotor Relative Inlet 

41.8 

15.3 

- 13.3 

Rotor Relative Exit 

- 60.2 

-66.5 

- 71.5 

Stage Exit 

-16.0 

-19.1 

- 18.3 

Velocities (fps) 




Stator Exit 

976 

857 

774 

Rotor Relative Inlet 

489 

377 

373 

Rotor Relative Exit 

802 

880 

938 

Stage Exi t 

415 

376 

329 

Blade Speed (fps) 




Rotor Inlet 

580 

678 

764 

Rotor Exit 

581 

684 

787 

Total Pressure (psia) 




Stator Exit 

68.22 

68.32' 

.68.24 

Rotor Relative Inlet 

60 . 1 1 

61.49 

62.88 

Rotor Relative Exit 

59.20 

60.73 

61.94 

Stage Exit 

54.33 

54.09 

53.79 

Total Temperature (deg R) 




Stator Exit 

1669-8 

1659-8 

1655.3 

Rotor Relative Inlet 

1617.2 

1616.1 

1621. 4 

Rotor Relative Exit 

1617-8 

1616.8 

1622.4 

Stage Exi t 

1582.7 

1569-5 

1564.9 

Velocity Ratio 




Stator 

0.441 

0.467 

0.470 

Rotor 

0.609 

0.428 

0.398 

Loss Coefficient 




Stator 

0 . 1 18 

0.107 

0.098 

Rotor 

0. 149 

0. 105 

0. 1 15 



28 


TABLE II - VELOCITY TRIANGLE DATA FOR 

FIVE -STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 4 
Hub 

Mean 

Casi ng 

Station Radius (ins) 

Stator Exi t 

14.380 

17.389 

19.950 

Stage Exi t 

14.420 

17.467 

20.500 

Angles (deg) 

Stator Exit 

68.8 

65.4 

63.0 

Rotor Relative Inlet 

41.9 

6.1 

-27.6 

Rotor Relative Exit 

- 60.2 

-67.5 

-73.0 

Stage Exit 

-16.4 

-19.6 

-18. 1 

Velocities (fps) 

Stator Exit 

959 

818 

727 

Rotor Relative Inlet 

466 

348 

386 

Rotor Relative Exit 

810 

902 

971 

Stage Exit 

419 

372 

314 

Blade Speed (fps) 

Rotor Inlet 

583 

705 

809 

Rotor Exit 

585 

708 

831 

Total Pressure (psia) 

Stator Exit 

53.30 

53.41 

53.32 

Rotor Relative Inlet 

46.74 

48.18 

49.66 

Rotor Relative Exit 

46.02 

47.55 

48.77 

Stage Exi t 

41.95 

41.71 

41.42 

Total Temperature (deg R) 

Stator Exi t 

1582.7 

1569-5 

1564.9 

Rotor Relative Inlet 

1530.3 

1528.7 

1536.7 

Rotor Relative Exit 

1530.5 

1529.1 - 

1537.7 

Stage Exi t 

1494.4 

1478.2 

1474.0 

Veloci ty Ratio 

Stator 

0.432 

0.-460 

0.453 

Rotor 

0.575 

0.386 

0.398 

Loss Coefficient 

Stator 

0.122 

0.107 

0.093 

Rotor 

0.137 

0.097 

0. 118 
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TABLE II - VELOCITY TRIANGLE DATA FOR 

FIVE -STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP DIAMETER) 

(C0NT 1 NUED) - 



STAGE 5 




Hub 

Mean 

Casing 

Station Radius (ins) 




Stator Exit 

14.460 

18.073 

21.050 

Stage Exit 

14.500 

18.065 

21.600 

Angles (deg) 




Stator Exi t 

69-9 

66.0 

63.3 

Rotor Relative Inlet 

47.0 

6.8 

-30.8 

Rotor Relative Exit 

-55.4 

-65.9 

“72.7 

Stage Exit 

-2.9 

-9-7 

-7. 1 

Velocities (fps) 




Stator Exit 

1026 

850 

745 

Rotor Relative Inlet 

516 

354 

403 

Rotor Relative Exit 

740 

87 I 

960 

Stage Exit 

421 

366 

304 

Blade Speed- (fps) 




Rotor Inlet 

586 

733 

853 

Rotor Exi t 

588 

732 

876 

Total Pressure (psia) 




Stator Exit 

40.97 

41.12 

41.03 

Rotor Relative Inlet 

35.04 

36.48 

37.94 

Rotor Relative Exit 

34.42 

36.00 

37-21 

Stage Exit 

31.90 

31.63 

31.37 

Total Temperature (deg R) 




Stator Exit 

1494.4 

1478.2 

1474.1 

Rotor Relative Inlet 

1435.1 

1433.2 

1444.5 

Rotor Relative Exit 

1434.8 

1433. 1 

1445.2 

Stage Exit 

1406.5 

1385-5 

1382.0 

Velocity Ratio 




Stator 

0.408 

0.438 

0.422 

Rotor 

0.697 

0.407 

0.420 

Loss Coefficient 




Stator . 

0. 126 

0.107 

0.089 

Rotor 

0.166 

0.092 

0.116 
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TABLE III - VELOCITY TRIANGLE DATA 

FOR FOUR -STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP 

DIAMETER) 



STAGE 1 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.150 

15.516 

16.788 

Stage Exit 

14.200 

15.844 

17.475 

Angles (deg) 




Stator Exit 

65.2 

64.5 

64.1 

Rotor Relative Inlet 

45.7 

39.2 

31.3 

Rotor Relative Exit 

-60.4 

-64.3 

-68.0 

Stage Exit 

-27.4 

-29.9 

-31.5 

Velocities (fps) 




Stator Exit 

1201 

1148 

1088 

Rotor Relative Inlet 

722 

645 

578 

Rotor Relative Exit 

939 

991 

1027 

Stage Exit 

523 

502 

472 

Blade Speed (fps) 




Rotor Inlet 

574 

629 

681 

Rotor Exi t 

576 

642 

709 

Total Pressure (psia) 




Stator Exit 

106.41 

107.90 

108.33 

Rotor Relative Inlet 

91.70 

93.29 

94.47 

Rotor Relative Exit 

89. 19 

90.91 

92.22 

Stage Exi t 

80.60 

80.50 

80.26 

Total Temperature (deg R) 




Stator Exit 

1838.0 

1838.0 

1838.0 

Rotor Relative Inlet 

1771.0 

1772.5 

1776.3 

Rotor Relative Exit 

1772.8 

1773.7 

1777.0 

Stage Exit 

1728.2 

1720.1 

1715.9 

Velocity Ratio 




Stator 

0.401 

0.520 

0.639 

Rotor 

0.768 

0.651 

0.563 

Loss Coefficient 




Stator 

0.081 

0.095 

0.125 

Rotor 

0.224 

0.191 

0.171 
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TABLE 1 1 1 - VELOCITY 

TRIANGLE DATA FOR 

FOUR -STAGE LP 


SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 2 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.250 

16.318 

18.163 

Stage Exit 

14.300 

16.585 

18.850 

Angles (deg) 




Stator Exit 

68.9 

66.9 

65.7 

Rotor Relative Inlet 

49.3 

33.6 

14.1 

Rotor Relative Exit 

47.1 

20.3 

-11.5 

Stage Exit 

-30.3 

-33.1 

-33.6 

Velocities (fps) 




Stator Exit 

1124 

1009 

924 

Rotor Relative Inlet 

621 

482 

415 

Rotor Relative Exit 

929 

995 

1038 

Stage Exi t 

490 

456 

408 

Blade Speed (fps) 




Rotor Inlet 

578 

662 

736 

Rotor Exit 

580 

672 

764 

Total Pressure (psia) 




Stator Exit 

78.44 

78.77- 

78.81 

Rotor Relative Inlet 

67.46 

68.81 

70.09 

Rotor Relative Exit 

65.64 

67.42 

68.64 

Stage Exi t 

58.77 

58.65 

58.35 

Total Temperature (deg R) 




Stator Exit 

1728.2 

1720. 1 

1715.9 

Rotor Relative l.nlet 

1663.7 

1662.5 

1665.9 

Rotor Relative Exit 

1665. 1 

1663 . 6 

1 666.9 

Stage Exi t 

1618. 9 

1605.5 

1599.3 

Velocity Ratio 


. 


Stator 

0.466 

0.498 

0.511 

Rotor 

0.668 

0.485 

0.400 

Loss Coefficient 




Stator 

0.140 

0. 136 

0.134 

Rotor 

0.211 

0.143 

0.139 
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TABLE Hi - VELOCITY TRIANGLE DATA FOR 

FOUR-STAGE LP 


SPOOL (ORIGINAL 

MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 3 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 



19.538 

Stator Exit 

14.350 

17.139 

Stage Exit 

14.400 

17.326 

20.225 

Angles (deg) 


66.6 

64.8 

Stator Exit 

69.4 

Rotor Relative Inlet 

47.1 

20.3 

-11.5 

Rotor Relative Exit 

-63.6 

- 69.0 

- 73.6 

Stage Exit 

-31.9 

-34.0 

-33.6 

Velocities (fps) 



811 

Stator Exit 

1043 

905 

Rotor Relative Inlet 

539 

390 

373 

Rotor Relative Exit 

943 

1017 

1068 

Stage Exit 

494 

444 

379 

Blade Speed (fps) 


695 


Rotor Inlet 

582 

792 

Rotor Exit 

584 

702 

820 

Total Pressure (psia) 




Stator Exit 

57.22 

57-52 

57.51 

Rotor Relative Inlet 

49.44 

50.87 

52.27 

Rotor Relative Exit 

48.28 

49.92 

51.11' 

Stage Exi t 

42.71 

42.55 

42.23 

Total Temperature (deg R) 




Stator Exit 

1618.9 

1605.5 

1599.3 

Rotor Relative Inlet 

1559.6 

1556.0 

1560.9 

Rotor Relative Exit 

1560.5 

1556.9 

1562. 1 

Stage Exit 

1512.0 

1494. l 

1487.2 

Velocity Ratio 




Stator 

0.470 

0.504 

0.503 

Rotor 

0.571 

0.383 

0.349 

Loss Coefficient 




Stator 

0. 149 

0. 140 

0.128 

Rotor 

0.165 

0.118 

0.130 
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TABLE II! - VELOCITY 

TRIANGLE DATA FOR 

FOUR -STAGE LP 


SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) 

(continued) 



STAGE 4 




Hub 

Mean 

Casing 

Station Radius (ins) 




Stator Exit 

14=450 

17.994 

20=913 

Stage Exi t 

14=500 

18=072 

21=600 

Angles (deg) 




Stator Exit 

70.7 

67.3 

65. 1 

Rotor Relative inlet 

52.0 

20 = 2 

-17.8 

Rotor Relative Exit 

-57.2 

-66=7 

-73.0 

Stage Exit 

-11.5 

-.18 = 5 

-16=7 

Velocities (fps) 




Stator Exit 

1122 

938 

825 

Rotor Relative Inlet 

601 

393 

386 

Rotor Relative Exit 

805 

934 

1015 

Stage Exi t 

445 

396 

329 

Blade Speed (fps) 




Rotor Inlet 

586 

730 

848 

Rotor Exit 

588 

733 

876 

Total Pressure (psia) 




Stator Exit 

41 = 30 

41=63 

41.61 

Rotor Relative Inlet 

34=60 

36.04 

37.43 

Rotor Relative Exit 

33.74 

35.44 

36=63 

Stage Exit 

30=78 

30=57 

30 = 29 

Total Temperature (deg R) 




Stator Exit 

1512.0 

1494. 1 

1487.2 

Rotor Relative Inlet 

1444=6 

1439.6 

1447=2 

Rotor Relative Exit 

1444=6 

1440=0 

1448.2 

Stage Exit 

1410=3 

1385.4 

1377.9 

Velocity Ratio 




Stator 

0 = 440 

0=473 

0=459 

Rotor 

0 = 747 

0=421 

0=381 

Loss Coefficient 




Stator 

0.154 

0=137 

0. 1 19 

Rotor 

0=21 1 

0= 109 

0=124 
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TABLE IV - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP 
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER)" 


STAGE 1 



Hub 

Mean 

Cas i ng 

Station Radius (ins) 


/ 


Stator Exit 

14.167 

15.648 

17.017 

Stage Exit 

14.233 

16.087 

17.933 

Angles (deg) 




Stator Exit 

69 . 1 

68.3 

68.1 

Rotor Relative inlet 

55-4 

49.8 

43.3 

Rotor Relative Exit 

- 65, 0 

- 68.5 

-71.9 

Stage Exi t 

-40.9 

-43.4 

-45.5 

Velocities (fps) 




Stator Exit 

1378 

1297 

1216 

Rotor Relative Inlet 

867 

750 

648 

Rotor Relative Exit 

1070 

1122 

1 157 

Stage Exit 

599 

573 

533 

Blade Speed (fps) 




Rotor Inlet 

574 

634 

690 

Rotor Exi t 

577 

652 

727 

Total Pressure (psia) 




Stator Exit 

105,47 

107. 12 

107.49 

Rotor Relative Inlet 

87,53 

89.33 

90.57 

Rotor Relative Exit 

82.98 

85.21 

86.83 

Stage Exit 

72.69 

72.80 

72.64 

Total Temperature (deg R) 




Stator Exi t 

1838,0 

1838.0 

1838.0 

Rotor Relative Inlet 

1754.5 

1756.6 

1761.1 

Rotor Relative Exit 

1757.3 

1758.2 

1761.7 

Stage Exit 

1699.4 

1689 . 6 

1684.0 

Velocity Ratio 




Stator 

0.346 

0.462 

0.583 

Rotor 

0.810 

0. 668 

0.560 

Loss Coefficient 




Stator 

0.097 

0.107 

0.139 

Rotor 

0.331 

0.271 

0.234 
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TABLE IV - VELOCITY TRIANGLE DATA FOR THREE-STAGE IP 
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER)' (CONTINUED - )" 

STAGE 2 



Hub 

Mean 

Cas i ng 

Station Radius (iris) 

Stator Exit 

14.300 

16.734 

18. 850 

Stage Exi t 

14.367 

17-083 

19.767 

Angles (deg) 

Stator Exit 

72.4 

70.5 

69.7 

Rotor Relative Inlet 

59.4 

46.9 

30.3 

Rotor Relative Exit 

- 66.2 

- 70.8 

- 74.7 

Stage Exit 

-43.0 

-46.4 

- 47.7 

Velocities (fps) 

Stator Exit 

1313 

1160 

1053 

Rotor Relative Inlet 

780 

572 

450 

Rotor Relative Exit 

1080 

1160 

1198 

Stage Exit 

596 

558 

489 

Blade Speed (fps) 

Rotor Inlet 

580 

678 

764 

Rotor Exit 

582 

693 

801 

Total Pressure (psia) 

Stator Exit 

69.25 

70.05 

70.33 

Rotor Relative Inlet 

56.94 

58.53 

59.93 

Rotor Relative Exit 

53.82 

56.32 

57.75 

Stage Exi t 

46.37 

46.54 

46.27- 

Total Temperature (deg R) 

Stator Exit 

1699.4 

1 689 . 6 

1684.0 

Rotor Relative Inlet 

1617-3 

1614.5 

1617.2 

Rotor Relative Exit 

1619.3 

1616.0 

1618.2 

Stage Exit 

1558.5 

1538.7 

1528.7 

Velocity Ratio 

Stator 

0.456 

0.494 

0.506 

Rotor 

0.722 

0.493 

0.376 

Loss Coefficient 

Stator 

0. 188 

0. 185 

0. 184 

Rotor 

0.315 

0. 194 

0. 181 
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TABLE IV - VELOCITY TRIANGLE DATA FOR THREE-STAGE LP 
SPOOL (ORIGINAL MAXIMUM TIP DIAMETER) (CONTINUED) 

STAGE 3 



Hub 

Mean 

Casi ng 

Station Radius (ins) 




Stator Exit 

14.433 

17.891 

20.683 

Stage. Exi t 

14.500 

18.097 

21.600 

Angles (deg) 




Stator Exit 

73.6 

70.9 

69.6 

Rotor Relative Inlet 

63.0 

46.9 

23.6 

Rotor Relative Exit 

-59-2 

-68.0 

-73.6 

Stage Exit 

-23.0 

-32.3 

-33.6 

Velocities (fps) 




Stator Exit 

1450 

1221 

1082 

Rotor Relative Inlet 

904 

590 

441 

Rotor Relative Exit 

917 

1069 

1 144 

Stage Exit 

511 

482 

412 

Blade Speed (fps) 




Rotor Inlet 

585 

725 

839 

Rotor Exi t 

588 

734 

876 

Total Pressure (psia) 




Stator Exit 

43.56 

44.50 

44.73 

Rotor Relative Inlet 

33.99 

35.62 

36.96 

Rotor Relative Exit 

32.02 

34.33 

35-73 

Stage Exi t 

28.47 

28.49 

28.24 

/* 

Total Temperature (deg R) 




Stator Exit 

1558.4 

1538.7 

1528.7 

Rotor Relative Inlet 

1462.3 

1453.3 

1455.6 

Rotor Relative Exit 

1462.9 

1454.0 

1456.0 

Stage Exit 

1418.7 

1384.7 

1369.1 

Velocity Ratio 




Stator 

0.411 

0.457 

0.451 

Rotor 

0.985 

0.552 

0.386 

Loss Coefficient 




Stator 

0.191 

0. 181 

0. 168 

Rotor 

0.406 

0.191 

0. 163 
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TABLE V - VELOCITY 

TRIANGLE DATA 

FOR FIVE-STAGE LP 


SPOOL (REDUCED MAXIMUM TIP 

DIAMETER) 



STAGE 1 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14. 140 

15.295 

16.360 

Stage Exit 

14. 180 

15.423 

16.620 

Angles (deg) 




Stator Exit 

56.8 

56.3 

55.6 

Rotor Relative Inlet 

27.4 

22.0 

15.5 

Rotor Relative Exit 

- 50. 1 

-53.9 

-57.0 

Stage Exit 

-11.1 

-13.4 

-14.5 

Velocities (fps) 




Stator Exit 

1039 

1023 

998 

Rotor Relative Inlet 

642 

614 

591 

Rotor Relative Exit 

896 

938 

970 

Stage Exit 

586 

569 

551 

Blade Speed (fps) 




Rotor Inlet 

573 

620 

663 

Rotor Exit 

575 

625 

674 

Total Pressure (psia) 




Stator Exi t 

107. 19 

108.66 

109.45 

Rotor Relative Inlet 

96.29 

97.60 

98.66 

Rotor Relative Exit 

95.07 

96.33 

97.38 

Stage Exit 

88.14 

87.92 

87.67 

Total Temperature (deg R) 




Stator Exit 

1838.0 

1838.0 

1838.0 

Rotor Relative Inlet 

1789.5 

1789.4 

1791.0 

Rotor Relative Exit 

1790.0 

1789.9 

1791.4 

Stage Exit 

1756.3 

1749.2 

1 744. 7 

Velocity Ratio 




Stator 

0.487 

0.579 

0.634 

Rotor 

0.716 

0.655 

0.609 

Loss Coeff ic? ent 




Stator 

0.059 

0.069 

0.077 

Rotor 

0.112 

0.105 

0.099 



TABLE V - VELOCITY TRIANGLE DATA FOR FIVE-STAGE LP 
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED-) 


STAGE 2 



Hub 

Mean 

Cas i ng 

Station Radius (Ins) 




Stator Exit 

14.220 

15-614 

16.880 

Stage Exit 

14.260 

15.732 

17. 140 

Angles (deg) 




Stator Exit 

53.3 

55.8 

53.8 

Rotor Relative Inlet 

29-9 

17.9 

6.3 

Rotor Relative Exit 

-51.2 

-54.9 

-58.1 

Stage Exit 

-13.6 

-14.9 

-15*5 

Velocities (fps) 




Stator Exit 

1052 

982 

928 

Rotor Relative Inlet 

638 

581 

557 

Rotor Relative Exit 

922 

960 

993 

Stage Exit 

594 

572 

549 

Blade Speed (fps) 




Rotor Inlet 

577 

633 

684 

Rotor Exit 

578 

638 

695 

Total Pressure (psia) 




Stator Exit 

86.84 

86.80 

86.70 

Rotor Relative Inlet 

77-20 

78. 10 

79.00 

Rotor Relative Exit 

76.09 

77.13 

78.07 

Stage Exit 

69. 84 

69. 60 

69.33 

Total Temperature (deg R) 




Stator Exit 

1756.4 

1749.2 

1744. 7 

Rotor Relative Inlet 

1705.2 

1703.4 

1704.4 

Rotor Relative Exit 

1705.7 

1703.9 

1704.9 

Stage Exit 

1669.2 

■1660.2 

1654.5 

Velocity Ratio 




Stator 

0.557 

0.580 

0.594 

Rotor 

0.693 

0.606 

0.561 

Loss Coefficient 




Stator 

0.087 

0.085 

0.082 

Rotor 

0.114 

0.092 

0.083 
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TABLE V - VELOCITY 

TRIANGLE DATA FOR 

FIVE -STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 


• 

STAGE 3 
Hub 

Mean 

Casing 

Station Radius (ins) 

Stator Exi t 

14.300 

15.936 

17-400 

Stage Exit 

14.340 

16.044 

17.660 

Angles (deg) 

Stator Exit 

57-3 

54.4 

51.9 

Rotor Relative Inlet 

27-6 

13.2 

-0.3 

Rotor Relative Exit 

-50.9 

-55.0 

-58.4 

Stage Exi t 

-14.6 

-15.9 

-16.4 

Velocities (fps) 

Stator Exit 

1035 

956 

898 

Rotor Relative Inlet 

630 

574 

559 

Rotor Relative Exit 

952 

994 

1031 

Stage Exit 

621 

595 

568 

Blade Speed (fps) 
Rotor Inlet 

580 

646 

705 

Rotor Exi t 

581 

650 

716 

Total Pressure (psia) 

Stator Exit 

68.77 

68.71 

68.59 

Rotor Relative Inlet 

61.03 

61.92 

62.82 

Rotor Relative Exit 

60.15 

61.16 

62.07 

Stage Exit 

54.71 

54.47 

54.21 

Total Temperature (deg R) 

Stator Exit 

1669-2 

1 660.2 

1654.5 

Rotor Relative Inlet 

1619.5 

1617=0 

1618.1 

Rotor Relative Exit 

1619.9 

1617=5 

1618.7 

Stage Exit 

1581.1 

1570.2 

1563.6 

Veloci ty Ratio 

Stator 

0.574 

0.598 

0.612 ! 

Rotor 

0.662 

0.577 

0.542 

Loss Coefficient 

Stator 

0.090 

0.085 

0.081 

Rotor 

0.102 

0.081 

0.075 
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TABLE V - VELOCITY 

TRIANGLE DATA FOR 

FIVE-STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE- 4 
Hub 

Mean 

Cas i ng 

Station Radius (ins) 

Stator Exit 

14.380 

16.260 

17.920 

Stage Exit 

14.420 

16.359 

18. 180 

Angles (deg) 

Stator Exit 

55.5 

52.0 

49. 1 

Rotor Relative knlet 

24.4 

8.0 

-6.5 

Rotor Relative Exit 

-49’. 7 

-54.1 

- 57.8 

Stage Exit 

- 15.2 

-16.3 

- 16.8 

Velocities (fps) 

Stator Exit 

' 1028 

943 

881 

Rotor Relative Inlet 

639 

588 

586 

Rotor Relative Exit 

997 

1041 

1080 

Stage Exit 

668 

638 

607 

Blade Speed (fps) 

Rotor Inlet 

583 

659 

111 

Rotor Exit 

585 

663 

737 

Total Pressure (psia) 

Stator Exit 

53.82 

53.76 

53.63 

Rotor Relative Inlet 

47.68 

48.55 

49.43 

Rotor Relative Exit 

46.99 

47.94 

48.81 

Stage Exit 

42.29 

42.05 

41.80 

Total Temperature (deg R) 

Stator Exit 

1581.1 

1570.2 

1563.6 

Rotor Relative Inlet 

1532.9 

1529.8 

1531.3 

Rotor Relative Exit 

1533.3 

1530.3 

1531.9 

Stage Exit 

1492 . 1 

1479.3 

1471.7 

Velocity Ratio 

Stator 

0.604 

0.632 

0.645 

Rotor 

0.642 

0.565 

0.543 

Loss Coefficient 

Stator 

0.091 

0.085 

0.079 

Rotor 

0.090 

0.071 

0.068 
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TABLE V - VELOCITY 

TRIANGLE DATA FOR 

FIVE -STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 5 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.460 

16.591 

18.440 

Stage Exit 

14.500 

16.678 

18.700 

Angles (deg) 




Stator Exit 

54.6 

50.6 

47.4 

Rotor Relative Inlet 

26. 1 

9.1 

-5.8 

Rotor Relative Exit 

-44.5 

- 50.1 

-54.6 

Stage Exit 

-8.9 

- 10.8 

-11.7 

Velocities (fps) 




Stator Exit 

'1103 

1003 

935 

Rotor Relative Inlet 

711 

646 

642 

Rotor Relative Exit 

997 

1050 

1096 

Stage Exit 

720 

687 

654 

Blade Speed (fps) 




Rotor Inlet 

586 

673 

748 

Rotor Exit 

588 

676 

758 

Total Pressure (psia) 




Stator Exit 

41.49 

41.43 

41.30 

Rotor Relative Inlet 

36.02 

36.83 

37.64 

Rotor Relative Exit 

35.46 

36.34 

37.15 

Stage Exit 

32. 16 

31.91 

31.65 

Total Temperature (deg R) 




Stator Exit 

1492 . 1 

1479.3 

1471.7 

Rotor Relative Inlet 

1438.5 

1434.9 

1436.9 

Rotor Relative Exit 

1438.8 

1435-3 

1437-4 

Stage Exit 

1402.5 

1387.3 

1378.5 

Velocity Ratio 




Stator 

0. 606 

0.636 

0.649 

Rotor 

0.713 

0.616 ■ 

0.585 

Loss Coefficient 




Stator 

0.088 

0.082 

0.076 

Rotor 

0.091 

0.070 

0.065 
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TABLE VI - VELOCITY TRIANGLE, DATA FOR FOUR-STAGE LP 
SPOOL (REDUCED MAXIMUM TIP DIAMETER) 


STAGE 1 



Hub 

Mean 

Casi ng 

Station Radius (ins) 




Stator Exit 

14.150 

15.337 

16.425 

Stage Exit 

14.200 

15.501 

16.750 

Angles (deg) 




Stator Exit 

61.3 

60.5 

59.7 

Rotor Relative Inlet 

40. 1 

34. 6 

•28.5 

Rotor Relative Exit 

- 54.7 

-57.9 

- 60.5 

Stage Exit 

- 23*7 

-25.6 

- 26.7 

Velocities (fps). 




Stator Exit 

1213 

1175 

1136 

Rotor Relative Inlet 

761 

705 

659 

Rotor Relative Exit 

1022 

1064 

1096 

Stage Exit 

644 

630 

61 1 

Blade Speed (fps) 




Rotor Inlet 

574 

622 

666 

Rotor Exit 

576 

628 

679 

Total Pressure (psia) 




Stator Exit 

106.69 

108.25 

109.10 

Rotor Relative Inlet 

92.40 

93.87 

95.03 

Rotor Relative Exit 

90.15 

91.72 

92.99 

Stage Exit 

81.19 

81.13 

80.98 

Total Temperature (deg R) 




Stator Exit 

1838.0 

1838.0 

1838.0 

Rotor Relative Inlet 

1773.2 

1773.8 

1.775.8 

Rotor Relative Exit 

1774.0 

1774.4 

1776.1 

Stage Exit 

1727.8 

1720.4 

1715.3 

Veloci ty Ratio 




Stator 

0.420 

0.506 

0.552 

Rotor 

0.745 

0.663 

0.601 

Loss Coefficient 




Stator 

0.067 

0.073 

0.077 

Rotor 

0.163 

0. 144 

0.128 
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TABLE VI - VELOCITY TRIANGLE DATA FOR FOUR-STAGE LP 
SPOOL (REDUCED MAXIMUM TIP DIAMETER) (CONTINUED) - 


STAGE 2 



Hub 

Mean 

Cas f ng 

Station Radius (ins) 




Stator Exit 

14.250 

15.737 

17.075 

Stage Exit 

14.300 

15.890 

17.400 

Angles (deg) 




Stator Exit 

60.4 

58.1 

56.3 

Rotor Relative Inlet 

36.8 

25.9 

14.9 

Rotor Relative Exit 

-55.2 

-58.2 

- 60.8 

Stage Exit 

-26.2 

-26.9 

- 27. 1 

Velocities (fps) 




Stator Exit 

1157 

1078 

1018 

Rotor Relative Inlet 

715 

635 

591 

Rotor Relative Exit 

1073 

1108 

1136 

Stage Exit 

683 

657 

628 

Blade Speed (fps) 




Rotor Inlet 

578 

638 

692 

Rotor Exi t 

580 

644 

705 

Total Pressure (psia) 




Stator Exit 

79.41 

79.57 

79.60 

Rotor Relative Inlet 

68.88 

69.82 

70.72 

Rotor Relative Exit 

67.28 

68.49 

69.49 

Stage- Exi t 

59.58 

59.44 

59.22 

Total Temperature (deg R) 




Stator Exit 

1727.8 

1720.4 

1715.3 

Rotor Relative Inlet 

I 667 .O 

1664.6 

- 1664.9 

Rotor Relative Exit 

I 667.7 

1665. 2 

1665.4 

Stage Exit 

1616.8 

1606. 1 

1598.9 

Velocity Ratio 




Stator 

0.556 

0.584 

0.600 

Rotor 

0.666 

0.573 

0.521 

Loss Coefficient 




Stator 

0.108 

0. 108 

0.105 

Rotor 

0.134 

0. 105 

0.093 
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TABLE VI - VELOCITY 

TRIANGLE DATA FOR 

FOUR-STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 3 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.350 

16. 140 

17.725 

Stage Exit 

14.400 

16.284 

18.050 

Angles (deg) 


54.4 


Stator Exit 

57.3 

51.9 

Rotor Relative Inlet 

29.8 

15.5 

2.0 

Rotor Relative Exit 

-54.1 

-57-3 

-60. 1 

Stage Exi t 

-26.6 

- 26.8 

- 26.6 

Velocities (fps) 




Stator Exit 

1092 

1008 

946 

Rotor Relative Inlet 

679 

612 

590 

Rotor Relative Exit 

1130 

1163 

1 191 

Stage Exit 

741 

706 

671 

Blade Speed (fps) 




Rotor Inlet 

582 

654 

719 

Rotor Exi t 

584 

660 

732 

Total Pressure (psia) 




Stator Exit 

58.23 

58.32 

58.28 

Rotor Relative Inlet 

50.93 

51.82 

52.69 

Rotor Relative Exit 

49-90 

50.95 

51.84 

Stage Exi t 

43.47 

43.29 

43.07 

Total Temperature (deg R) 




Stator Exit 

1616.8 

1606. 1 

1598.9 

Rotor Relative Inlet 

1562.6 

1558.5 

1558.4 

Rotor Relative Exit 

1563.3 

1559.2 

1559.1 

Stage Exit 

1508.6 

1495-1 

1486.4 

Velocity Ratio 




Stator 

0.626 

0.652 

0.664 

Rotor 

0.601 

0.526 

0.495 

Loss Coefficient 




Stator 

0. 1 17 

0. 112 

0. 106 

Rotor 

0. 101 

0,081 

0.076 
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TABLE VI VELOCITY 

TRIANGLE DATA FOR 

FOUR -STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 4 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.450 

16.555 

18.375 

Stage Exit 

14.500 

16.681 

18.700 

Angles (deg) 




Stator Exit 

56.4 

52.8 

49.9 

Rotor Relative Inlet 

31.6 

1 6. 3 

2.1 

Rotor Relative Exit 

-46.7 

-51.6 

-55.6 

Stage Exit 

-14.6 

-16.0 

-16.6 

Velocities (fps) 




Stator Exit 

1189 

1085 

1012 

Rotor Relative Inlet 

773 

686 

659 

Rotor Relative Exit 

1070 

1 120 

' 1161 

Stage Exit 

759 

726 

692 

Blade Speed (fps) 




Rotor Inlet 

586 

671 

• 745 

Rotor Exit 

588 

676 

758 

Total Pressure (psia) 




Stator Exit 

42.29 

42.36 

42.30 

Rotor Relative Inlet 

36.00 

36.82 

37.61 

Rotor Relative Exit 

35-25 

36.20 

37.02 

Stage Exit 

31.37 

31.16 

30.93 

Total Temperature (deg R) 




Stator Exit 

1508.6 

1495.1 

1486.4 

Rotor Relative Inlet 

1447.2 

1442. 1 

1442.0 

Rotor Relative Exit 

1447.7 

1442.6 

1442,7 

Stage Exi t 

1404.2 

1387.2 

1376.4 

Velocity Ratio 




Stator 

0.623 

'0.651 

0.662 

Rotor 

0.722 

0.612 

0.567 

Loss Coefficient 




Stator 

0.112 

0.105 

0.098 

Rotor 

0.107 

0.081 

0.072 
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TABLE VII - VELOCITY 

TRIANGLE DATA 

FOR THREE-STAGE LP 


SPOOL (REDUCED MAXIMUM TIP 

D IAMETER) 



STAGE 1 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14. 167 

15.407 

16.533 

Stage Exit 

14.233 

15-631 

16.967 

Angles (deg) 




Stator Exit 

65.0' 

64.0 

63.1 

Rotor Relative Inlet 

49.5 

44.5 

39. 1 

Rotor Relative Exit 

-58.7 

-61.4 

- 63.7 

Stage Exit 

-34.3 

-35.9 

- 36.9 

Velocities (fps) 




Stator Exit 

1398 

1338 

1284 

Rotor Relative Inlet 

910 

825 

755 

Rotor Relative Exit 

1154 

1196 

1227 

Stage Exit 

726 

710 

688 

Blade Speed (fps) 




Rotor Inlet 

574 

625 

670 

Rotor Exit 

577 

634 

688 

Total Pressure (psia) 




Stator Exit 

105.98 

107.34 

108.63 

Rotor Relative Inlet 

88.31 

89.95 

91.21 

Rotor Relative Exit 

84.50 

86.45 

88.01 

Stage Exit 

73.78 

73.92 

73.90 

Total Temperature (deg R) 




Stator Exit 

1838.0 

1838.0 

1838.0 

Rotor Relative Inlet 

1756.3 

1757.4 

1759.6 

Rotor Relative Exit 

1757.5 

1758.2 

1759.9 

Stage Exi t 

1698.2 

I 689.9 

1683.8 

Velocity Ratio 




Stator 

0.370 

0.446 

0.483 

Rotor 

0.789 

O .690 

0.615 

Loss Coefficient 




Stator 

0.077 

0.079 

0.080 

Rotor 

0.231 

0.196 

0.170 
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TABLE VII - VELOCITY 

TRIANGLE DATA FOR 

THREE -STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 2 
Hub 

Mean 

Casing 

Station Radius (ins) 

Stator Exit 

14,300 

15-946 

17.400 

Stage Exit 

14.367 

16.156 

17.833 

Angies (deg) 

Stator Exit 

63.7 

61,5 

59.9 

Rotor Relative Inlet 

46.3 

36.9 

27.2 

Rotor Relative Exit 

-58.2 

-60.8 

( -63-1 
-36.8 

Stage Exit 

-36.3 

-36.7 

Velocities (fps) 

Stator Exit 

1343 

1242 

1168 

Rotor Relative Inlet 

862 

743 

666 

Rotor Relative Exit 

1257 

1290 

1313 

Stage Exi t 

822 

787 

749 

Blade Speed (fps) 

Rotor Inlet 

580 

647 

705 

Rotor Exit 

582 

655 

723 

Total Pressure (psia) 
Stator Exit 

71.16 

71.62 

71.86 

Rotor Relative Inlet 

59.08 

60. 14 

61.09 

Rotor Relative Exit 

56.64 

58.20 

59.38 

Stage Exit 

47.97 

48.01 

47.88 

Total Temperature (deg R) 

Stator Exit 

1698.2 

1 689.9 

1683.8 

Rotor Relative Inlet 

1620.2 

1616.8 

1616.0 

Rotor Relative Exit 

1621.3 

1617-7 

1616.6 

Stage Exit 

1553.6 

1539.7 

1529.7 

Velocity Ratio 

Stator 

0.541 

0.572 

0.589 

Rotor 

0.686 

0.576 

0.508 

Loss Coefficient 

Stator 

0.134 

0.134 

0.132 

Rotor 

0.177 

0.132 

0.113 
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TABLE VI! - VELOCITY 

TRIANGLE DATA FOR 

THREE -STAGE LP 


SPOOL (REDUCED MAXIMUM TIP DIAMETER) 

(CONTINUED) 



STAGE 3 




Hub 

Mean 

Cas i ng 

Station Radius (ins) 




Stator Exit 

14.433 

16.509 

18.267 

Stage Exit 

14.500 

16.688 

18.700 

Angles (deg) 




Stator Exit 

62. 1 

59.2 

57.0 

Rotor Relative Inlet 

47.0 

36.3 

• 25-7 

Rotor Relative Exit 

-48.8 

-53.3 

- 56.8 

Stage Exit 

-21.5 

- 23.2 

- 23.8 

Velocities (fps) 




Stator Exit 

1529 

1389 

1293 

Rotor Relative Inlet 

1048 

885 

790 

Rotor Relative Exit 

1191 

1245 

1284 

Stage Exit 

843 

813 

778 

Blade Speed (fps) 




Rotor Inlet 

585 

669 

741 

Rotor Exit 

588 

677 

758 

Total Pressure (psia) 




Stator Exit , 

45.82 

46.23 

46.38 

Rotor Relative Inlet 

36.06 

37.00 

37.80 

Rotor Relative Exit 

34.45 

35-71 

36.70 

Stage Exit 

29.83 

29.76 

29.59 

Total Temperature (deg R) 




Stator Exit 

1553-6 

1539.7 

1529.7 

Rotor Relative Inlet 

1460.9 

1454. 1 ■ 

1451.4 

Rotor Relative Exit 

1461.6 

1454.6 

1451.7 

Stage Exit 

1407.6 

1386.9 

1372.2 

Velocity Ratio 




Stator 

O'. 537 

0.567 

0.579 

Rotor 

0.880 

0.71 1 

0.616 

Loss Coefficient 




Stator 

0. 126 

0 f 121 

0. 115 

Rotor 

0 . 191 

0 ; 138 

0.111 



49 


FIGURES 
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FIGURE 3 - EFFECT OF MERIDIONAL VELOCITY GRADIENT ON ROTOR EXIT 
CONDITIONS (FIRST STAGE OF FOUR-STAGE LP'SPOOLy' 


Normal ized 

Normalized ' : 'Total Rotor 

Meridional Row Velocity Temperature Relative Exit 

Velocity Ratio, V ( k./^ Dro P Angle, deg 
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FIGURE 4 - EFFECT OF MERIDIONAL VELOCITY GRADIENT ON ROTOR EXIT 
CONDITIONS (FINAL STAGE OF FOUR tSTAGE LP SPOOL) 
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0.5 0.6 0.7 0.8 0.9 1.0 1.1 ' 1.2 1.3 1.4 1.5 


Ratio of Fi rst-to-Last Stage Work Output 


FIGURE 7 ~ -VARIATION OF TOTAL-TO-TOTAL AND TOTAL -TO -STATIC ISENTROPIC 
EFFICIENCY WITH STAGE WORK SPLIT FOR THE THREE- AND FOUR - 
STAGE LP SPOOLS AT ORIGINAL MAXIMUM TIP DIAMETER 




Total-to-Static Isentropic Total -to-Total Isentropic 

Efficiency Efficiency 
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0.846 
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0.808 

0.806 

0.804 

0.802 

o:8oo 
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■600 -400 -200 0 
Meridional Velocity Gradient, fps/ft 


FIGURE 8 - VARIATION OF TOTAL -TO -TOTAL AND T0TAL-T0-STATIC ISENTROPIC 
EFFICIENCY WITH MERIDIONAL VELOCITY GRADIENT FOR THE THREE-STAGE 
LP SPOOL AT ORIGINAL MAXIMUM TIP DIAMETER 





Ip Spool Isentropic Efficiency 
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0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Average Stage Meanline Reaction 


FIGURE 10 - VARIATION OF ISENTROPIC EFFICIENCY WITH AVERAGE STAGE 
MEANLiNE REACTION FOR BOTH ORIGINAL AND REDUCED FOUR-STAGE 
LP SPOOLS (CONSTANT .SPOOL EXIT SWIRL) 
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0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

Average Stage Meanline Reaction 


FIGURE 11 - VARIATION OF ISENTROPIC EFFICIENCY WITH AVERAGE STAGE 
MEANLINE REACTION FOR BOTH ORIGINAL AND REDUCED FIVE-STAGE LP 
SPOOLS (CONSTANT SPOOL EXIT SWIRL) 
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APPENDICES 
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APPENDIX I 

COMPUTER OUTPUT FOR THE HIGH-PRESSURE SPOOL 

This appendix presents the computer output for the common hp 
spool employed by all six of the final turbine designs. A printout of 
the input data specified for the case appears on the first four pages, 
followed immediately by the results of the design analysis for the spool. 
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** PROGRAM TOZ - AERODYNAMIC CALCULATIONS FOR THE DESIGN OF A*UL TUR»INES M 


HP SPOOL OF NASA MULTISTAGE TWINSPOOL TURBINE 


••• OEhEft*L INPUT OATA **• 


NUMBER OF SPOOLS * 1 

NUMBER OF SETS OF ANALYSIS VARIABLES ■ 1 

NUMBER OF STREAMLINES • 9 

qas constant * 53*35000 lbf ft/lsm oe* r 

INLET MASS FLOW « I 1 1.90000 LBK/SEC 


» TABULAR INLET SPECIFICATIONS • 


radial total TOTAL absolute 

coordinate temperature pressure .flow angle 

UN) (OEO R| (PSI) (DEO) 

U.S000 SAIO.OO 3A2.AOOO 0*000 
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#*>• SPOCL INPUT OATA 


»• DESIGN REQUIREMENTS •© 


ROTATIVE SPEED ■ 10900*0 RPM 

power output » 2*530,00 kp 


•• AN4LTS1S variables 


number of STAGES a 2 


o POkER-OUTPuT split ® 


FRACTION of 

stage NUMBER spool power output 


1 **9000 

2 .5J000 


« SPECIFIC-HEaT SPECIFICATION • 


DESIGN 

STATION number 

SPECIFIC MEAT 
(BTU/LBM OE0 RJ 



1 

,26800 



2 

,29600 



3 

,26200 



* 

,28200 



5 

,27500 



• ANNULUS SPECIFICATION 6 


STATION NUMBER 

A«*L POSITION 

HUB RADIUS 

CASING RADIUS 


(IN) 

UN) 

(IN) 

1 

0.0000 

13.9750 

14,6500 

2 

1.5000 

1**0000 

15,1000 

3 

3.0000 

I**0250 

15,3500 

* 

*.5000 

14.0*00 

15.6000 

5 

6,0000 

1*«075D 

15,8500 
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© 

? 


7«©UUo 14*1UOO 16.1000 

9.0000 l4tl* 00 16.6900 


® coolant scheoulE • 


BLADE ROW NUMBER 


1 

2 

3 

4 


FRACTION of 

inlet* mass flow 


,01*00 

.01699 

,01*09 

0,00000 


TOTAL 

temperature 

(OEo ft) 

1406*00 

1400.00 

1400.00 

1400.00 


• BLAt>E*R0ti ErIT CONDITIONS 9 


STATOR l 


RADIAL 

POSITION 

(IN) 

14,6900 


hERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC I 

0.00 


WHIRL VELOCITY AT THE KCAn STrEAHlInE o 13?0»?00o FEET PER SEC 


ROTOR 1 


solution Computed For radia l ly constant work output 


STATOR 2 


Radial 
position 
( IN) 

flOOOO.OOOo 


meridional 

velocity 

GRADIENT 
(PER SEC) 

0*00 


WHIRL VELOCITY AT THE MEAN STREAMLINE a 1395.6000 FEET PER SEC 


ROTOR 2 


solution computed fqr radially constant work output 


• BASIC INTERNAL loss CORRELATION • 



TAM INLET ANGLE) • TAN (EXIT ANGLE) ( *03000000 » 

Y ■ •!!«>• 

•60000000 ♦ ,80000000 • C0S(E*IT ANGLE) * *08*00000 A 


•15725900 « IV RATIO) •• 3*60) 
,1*090000 »UV RATIO) • *600)1 


IP IV RATIO) «LT» 
IF IV RATIO) •![» 


THE PRESSURE-LOSS COEFFICIENT COMPUTED IN T*I$ MANNER NAy NOT EXCEED A LIMIT OP 2.00000000 
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*60000000 

,60000000 



OUTPUT 0? SPOOL OESlGN ANALYSIS «*« 


•• stator inlet i •• 









ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

PaUIaL 

MaSS-FLOW 

meridional 

axi a l 

WHIRL 

ABSOLUTE 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

POSITION 

FUNCTION 

VELOCITY 

velocity 

Velocity 

velocity 

number 

pressure 

TEMPERATURE 

anole 


C IN} 

(LBP/SEC1 

<FPSJ 

(FPSI 

(EPS) 

(FPS) 


(PSD 

(OEG R] 

(OEG) 

l 

14,0000 

0.00000 

427.145 

427.066 

0.000 

*27.145 

,16380 

342.4000 

2410.00 

0.000 

2 

14*1415 

13.98750 

427.145 

426.872 

0.000 

427.J45 

.18360 

342.4000 

. 2410.00 

0,000 

3 

14.2017 

2? f 975()0 

427,14b 

*26,507 

O.OOQ 

+27,145 

,16360 

•342.4000 

2410,00 

0,000 

4 

14.420? 

41.96250 

*27,145 

425,994 

0,000 

*21,145 

,18380 

'342,4000 

2410,00 

0,000 

5 

14.S5S5 

55.95000 

*27, 14S 

425,337 

0,000 

*27.145 

,16300 

342,4000 

*2410,00 

0,000 

6 

14.4953 

69.93750 

427,145 

424.539 

0*000 

*27.145 

.16360 

•342,4000 

2410,00 

0.000 

7 

14.B3U 

63.92500 

427,1*5 

423,60* 

0*000 

*27.145 

,16360 

342,4000 

2410*00 

0*000 

6 

14.9660 

97.91250 

*27.145 

422*535 

0,000 

*2T*l4j 

.16360 

'3*2*4000 

2410*00 

0,000 

9 

lS.1000 

111,^0000 

*27,145 

421,334 

0,000 

*27,1*5 

.16360 

3*2. *000 

2410,00 

0,000 


STREAMLINE 

STATIC 

STATIC 

STREAMLINE 

SLOPE 

streamline 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 

CURVATURE 


(PSD 

(OEG R) 

(DEG) 

IPER IN) 

1 

33*.9l23 

2397,35 

.955 

O.OOOOO 

2 

334.9123 

2397,33 

2.049 

0*00000 

3 

334.9123 

2397,35 

3.134 

0*00000 

4 

334.9123 

2397,33 

4. ZOO 

0.00000 

5 

33**9123 

2397,35 

5.274 

0*00000 

6 

33**9123 

2397.33 

6.332 

0*00000 

7 

334.9)23 

2397.33 

7.383 

0*00000 

6 

334.9123 

2397.33 

8.426 

0,00000 

9 

334,9|23 

2397,35 

9.462 

0.00000 


•* STATOR 1 MIXED ANq/ 0R COOLtO QUANTITIES •* 


ABSOLUTE 

streamline total 
number pressure 

ipsd 


ABSOLUTE 

Total 

Temperature 

I DEG R) 


X 342.4000 2393.14 

2 342.4006 2393.14 
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3 

342,4000 

*393.1 4 

4 

342,4000 

2393,14 

5 

342,4000 

2393.14 

6 

342,4000 

2393. H 

7 

342,4000 

2393.14 

6 

342,4000 

2393,14 

9 

342,4006 

2393,14 

STATOR 

EXIT - ROTqR 

INL^T 1 ®4 









ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

STReaKLINE 

RAUlAl 

nass-flo* 

meridional 

A*lAL 

WHIRL. 

absolute 

HACK 

total 

total 

FLOW 

•NUMBER 

POSITION 

FUNCTION 

velocity 

velocity 

Velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

ANOLE 


(IN) 

(LBM/SEC) 

(FP3) 

(FPS) 

(FPS) 

tpPs) 


(PSD 

(OEO R) 

(OEO) 

1 

14,0250 

0,00000 

437,094 

437,034 

1428,782 

1494,146 

,66539 

332.2768 

2393,14 

72.992 


14*1993 

14.22472 

437,094 

436,808 

1413*402 

1*79,521 

,65843 

332,5536 

2393,14 

72,827 

3 

14,3708 

28,44944 

437,094 

436,424 

1398,728 

1*65,433 

,65j74 

332.6116 

2393.14 

72,671 

4 

14,5396 

42,6741b 

437, Q94 

435,868 

13*4»48 0 

1*51,839 

,64530 

333,0523 

2393,14 

72.524 

5 

14,7059 

56,89887 

437,094 

435,207 

1370*700 

1*30,704 

.63909 

333,2773 

2393,14 

72,385 

6 

14,8700 

71,12359 

*37, Q94 

434,387 

1357.356 

1*25,99? 

.63309 

333,4880 

2393,14 

72,254 

7 

15,0319 

85,34031 

437,094 

433.434 

13*6*419 

1*13,688 

,62729 

333.6855 

2393,14 

72*131 

8 

19.1919 

99.57302 

437.094 

432,353 

1331,66a 

1*01,75! 

.*2147 

333,87*0 

2393,14 

72,015 

9 

15,3500 

113,79774 

437,094 

431,147 

1319,659 

1390*1*2 

,61622 

334,0449 

2393.14 

71,907 


STREAMLINE 

•NUMBER 




JTREAMUNE 


static 

STATIC 

SLOPE 

STREAMLINE 

BLADE 

pressure 

TEMPERATURE 

ANQLE 

curvature 

velocity 

(PSD 

(OEO R) 

(OEO) 

(per in) 

(FPS) 

250,8971 

2238,33 

,955 

,00000 

1321.825 

252.5303 

22*1*35 

2.074 

,00000 

1338,252 

254,0910 

22*6.22 

3*175 

*00000 

1354,411 

255.5870 

22*6,97 

4,259 

*00000 

1370*321 

257,0208 

2249.60 

5,327 

••OOOOO 

1386,000 

258*3977 

2252,13 

6.300 

-.QOOOO 

1401**63 

259,7217 

2254.55 

T,*20 

•.00000 

1*16,725 

260*9962 

2256,08 

0.447 

•.00000 

1*31*801 

262*224i 

2259*13 

9,462 

•*00000 

1**6,703 



RELATIVE 

relative 

relative 

RELATIVE 

relative 

MACH 

total 

total 

FLOW 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 

IfPS) 


(PSD 

(DEO R) 

(OEO) 

*49,99i 

,20039 

257,5755 

2252,3? 

13,752 

*43,52[ 

.19738 

259,0*95 

2254,99 

9.772 

*39,335 

.19539 

26o«5l*5 

22»7, 6i 

5.790 

*37,324 

.19438 

261,9840 

226o.23 

i«0*o 

437, 36j 

.19428 

263,4473 

22*2*87 

-2.013 

*39,314 

.19504 

264.9096 

2265*51 

* *5.798 

*43,035 

,19659 

266,3721 

2210,10 

.•9,*7j[ 

*48,374 

.19885 

207,8350 

227q»8| 

*13.015 

455*103 

.20177 

209,3017 

. 2273**9 

•16.610 


•* ROTOR 1 MIXED anq/or COOL 20 QUANTITIES •« 


absolute absolute relative relative 
streamline total total total total 

NUMBER PRESSURE TEMPERATURE PRESSURE 'TEMPERATURE 

(PSD (DEO R) (PSD (DEO «» 

1 332*2761 . 1370,83 |37,Ul0 2236,0* 

2 332*9936 2376,03 290,3923 223*. 66 

3 332*0116 2376,03 2 * 9*9600 22 * 1*30 
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4 

5 

6 

7 

8 
9 


J33.Q5, !3 
333*2773 
333*4080 
333*6655 
333*8700 
334*0*49 


2376.83 

2376.03 
2376*0 3 
2376,63 

2376.03 

2376.03 


261*5403 

263*0104 

204,4797 

265,9493 

267,4202 

260,0934 


2263*92 

22*6*56 

2249*20 

2251,05 

2254.51 

2257.10 


•• #tioe exit t *• 


STREAMLINE 

NUNQCR 


l 


9 


radial 

NaSS^FLOW 

meridional 

axial 

WHIRL.. 

R0SI7ION 

FUNCTION 

velocity 

velocity 

velocity 

(INI 

(L0N/SEC) 

(FPS) 

(FPSl 

(FPS) 

1*«0500 

0,00000 

*23*323 

423*264 

24,443 

}4*2669 

14*46105 

439*374 

439*066 

30*50e 

1**4732 

20.92239 

♦51*405 

450,667 

35,610 

1**6725 

43*38386 

v*6q .460 

459,140 

40*006 

14*8659 

5t #04537 

467*510 

465*418 

43*058 

15*0546 

72*30600 

473*005 

469*904 

47*304 

15*2394 

06*76044 

477*231 

473*167 

50*426 

15*4210 

101*23000 

*80*354 

475, j 07 

53*288 

15*4000 

115*64158 

402*474 

475*910 

55*939 



ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

absolute 

MACH 

total 

total 

FLOW 

velocity 

number 

PRESSURE 

Temperature 

anolc 

(FPS) 


(PSI) 

(deg r> 

(DEG) 

♦24.020 

•19401 

200*5074 

2H9.19 

3*305 

440*431 

*20156 

200*9018 

2119*19 

3*974 

452,808 

,20726 

201,2102 

2119,19 

4,510 

462*222 

*21160 

201*4514 

2119*14 

4*979 

464,571 

.21499 

201*6438 

2119.14 

5*383 

475*365 

•21766 

201*7982 

2119*19 

5*747 

. 479*880 

*21075 

201*9206 

2119*14 

6*003 

403*305 

•22133 

202*01*5 

2114.19 

6*400 

465*706 

•22243 

202*0015 

2119*19 

6*7q4 


streamline 

NUMIE« 


X 


STATIC 

static 

-STREAMLINE 

SLOPE 

streamline 

&UDE. 

pressure 

temperature 

ANGLE 

curvature 

velocity 

(PSD 

tDEO R) 

(DEG) 

(PER IN) 

(FPS) 

195,5902 

2106.48 

.955 

**00000 

1324*181 

195*5900 

2105.45 

2.143 

• •ooooo 

1344.580 

145,5997 

2104.67 

3.270 

•*00000 

1364,069 

195*6007 

2104,06 

4.371 

••OOOOO 

13&2*049 

145*6020 

2103*57 

5*433 

*00000 

1401*079 

145,6034 

2103,14 

6,469 

•OooOO 

1410,064 

145*6050 

2102*00 

7,483 ‘ 

*00000 

* 1436*203 

195*6067 

2102.65 

6*480 

• OOOOO 

1453*399 

195*6086 

2102.48 

9.462 

•ooooo 

1470,263 



RELATIVE 

RELATIVE 

RELATIVE 

RELATIVE 

relative 

MACH 

total 

total 

FLOW 

velocity 

NUMBER 

PRESSURE 

temperature 

angle 

JfPS) 


(PSD 

(deg R> 

(DEG) 

1366*938 

,62541 

251,3036 

2230,70 

•71,962 

1385,595 

*63410 

253,6179 

22*i«4? 

•71*524 

1*03*0*7 

.64221 

254.6483 

2244,00 

•7l,201 

14x9,6 io 

.64980 

256,2171 

2246.78 

•71*123 

1433,407 

.65723 

257,7430 

22*9,51 

-71*072 

l*5O*03i 

*66431 

259,2400 

2252,25 

-71*005 

1465*725 

*67110 

260*7122 

2255,02 

•71.149 

l*0O*22l 

,67706 

262.1639 

2257,02 

•71.256 

1*04.356 

,60436 

263.9974 

6260*63 

•71,402 


*• STAGE 1 PERFORMANCE 64 


STREAMLINE STATOR 

•number Reaction 


stator rotor 

PRESSURE PRESSURE ST*ToA ROTOR ROTOR STAGE 

rotor loss loss hade Row blaoc row isentropic isinTropjc 

REACTION cOEPFIcIENT COEFFICIENT EFFIcIEMcT EFFICIENCY E^IcIENcT EFP ICIENcY 


1 

2 

3 

4 


*20508 

• 20071 
*20140 

• 15421 


•32020 

•32000 

*31313 

•30904 


•12430 • 12059 
•12304 *12000 
*12160 *11930 
*12067 *1111? 


•00660 *01211 *94091 
•00727 *01772 .94200 
*90701 *0*16* .94423 
*90024 .42*0* *94507 


*00505 

*00010 

.09051 

*49239 
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'♦asi* 

i 


.29690 

•30468 

.11963 

.10786 

.90073 

.92710 

.94557 

•69390 

. 29*54 

•30200 

• 1 1860 

.10533 

.90913 

.92879 

.94500 

.89511 

•30219 

•30226 

.11782 

.10334 

.90947 

.93006 

*94563 

.89606 

*30672 

•30291 

•11704 

*10102 

•90978 

*93099 

•94567 

.89692 

•30726 

430460 

•11633 

•10074 

•91004 

.93191 

.96533 

•89733 


« mass-averaged quantities * 


STATOR BLAOe^ROtf EFFICIEnCy « ,90061 

ROTOR BLAOE-ROW EFFICIENCY s *92539 


StAQE WORK « 
STAGE TOTAL EFFICIENCY • 
STAGE STATIC EFFICIENCY ■ 
STAGE SLADE. ?0 jEf-sPCEo RATIO « 


73.427 9TU PER LfN 
•9059? 

♦86O64 

•66694 


•* STATOR 2 HlKEO ANo/Ofl COOLED QUANTITIES •• 


STREAMLINE 

NUMBER 


1 

2 

3 
A 
5 

4 
7 
a 
9 


ABSOLUTE ABSOLUTE 

total total 

PRESSURE YeMp E R A TuRE 
(PSD <OEQ *) 

200*9074 2106*17 

200.0016 2108*17 

201*2102 2108*17 

201*4514 2108*17 

201.6436 2106*17 

201 »798g 2108.17 

201.9206 2lo8, 17 

202.0145 2l0«.l7 

202.0015 ^106.17 


«• STATOR EXIT - ROTOR INLET 2 •« 


RADIAL 

POSlT|ON 

KaSS^LOW 

fUN C TiON 

meridional 

velocity 

VcC&W 

„ WHIRL. 
Velocity 

absolute 

velocity 

absolute 

MACH 

number 

ABSOLUTE 

TOTAL 

pressure 

ABSOLUTE 

TOTAL 

UMPERaTUR c 

ABSOLUTE 

FLOW 

angle 

UN) 

UBM/SEC) 

ifpsi 

tFPS) 

(FPSJ 

CFPSJ 


(PSD 

loco R) 

(DEO) 

14.0730 

0.00000 

516,176 

516.105 

1465,070 

1054*103 

.7414? 

194.7134 

2108,17 

70,604 . 

14*3139 

14*63732 

516*176 

515.830 

U47*79 2 

1537*055 

•J3264 

195.2623 

195.7240 

2108.17 

70.390 

14,3470 

29,37463 

516,176 

515.363 

1430,017 

1520,324 

,72399 

2108.17 

70.181 

14.7749 

44.06195 

516.176 

514.717 

1412,993 

1503*947 

*71554 

196.1135 

2108,17 

69.979 

14*9900 

50*7492? 

516*176 

513*903 

1395*600 

1487*990 

*70734 

196.4474 

2106.17 

69.785 

15*2166 

73.43658 

516*176 

512,932 

1379,069 

1472,504 

.09939 

190.7368 

2108,17 

69.598 

15.4319 

80,12390 

516,176 

511.811 

510,549 

1362.909 

1457*450 

,09169 

196,9065 

2108*17 

69,419 

15.6425 

102*61121 

516,176 

1347*33? 

1442,824 

.68422 

197.2065 

2108,17 

69,247 

15,8500 

117,49853 

510,176 

509,153 

1332bOS9 

1*28.573 

,07697 

197,3930 

2108,17 

69,002 
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•STREAMLINE 




RELATIVE 

RELATIVE 

relative 

RELATIVE 

streamline 

STATIC 

STATIC 

SLOPE 

STREAMLINE 

BLADE 

relative 

MACH 

total 

total 

FLOW 

(NUMBER 

PRESSURE 

TENPEH*TUR£ 

ANGLE 

CURVATURE 

Velocity 

velocity 

number 

pressure 

TEFPEHATURe 

ANGLE 


{Rsn 

|OEO R> 

(DEO) 

(PER IN) 

(FPS) 

f fps ) 


<P$I) 

iQEG R) 

(DEO) 

1 

137*4813 

1937,13 

.955 

0*00000 . 

1326,537 

53^*653 

,25509 

143.4878 

1937.37 

15,109 

2 

. 138.9646 

1940.86 

2.100 

0*00000 

1349*049 

525*536 

,25o5o 

144,Sl6o 

1960*42 

10*837 

9 

140*3657 

1944,40 

3,217 

0*00000 

1371*021 

519*537 

•24741 

146,1289 

1963*60 

6*530 

4 

I4l*69ifl 

]947*99 

4*Jp 9 

0*00000 

1392*502 

516*567 

•24577 

147*4314 

1966*88 

2*235 

5 

142*9483 

' lll'V 

5.379 

0*00000 

1413*53? 

516*488 

•24552 

148*7271 

1970*26 

*•1*998 

6 

144*1417 

1954*62 

6.42? 

0*00000 

1434*146 

519,107 

.24656 

150*0189 

1973*70 

•6.129 

7 

245*2768 

l’57 .74 

7,456 

0*00000 

1454,384 

524*205 

,24878 

151*3092 

1977*20 

•10*125 

a 

146*3581 

j960*74 

8.468 

0*00000 

1474*269 

531*555 

•25208 

152*6000 

J98 0 *75 

•13*962 

9 

147*3896 

1963,64 

9.462 

0*00000 

1493*827 

540.931 

*25633 

153.8932 

1984*36 

•17.626 




«a 

ROTOR 2 MIXED 

ANO/OR COOLCO QUANTITIES •« 






ABSOLUTE 

ABSOLUTE 

relative 

RELATIVE 

streamline 

TOTaL 

total 

total 

total 

number 

PRESSURE 

temperature 

PRESSURE 

Temperature 


(PSll 

{DEG R> 

<PSI> 

{deg ft) 

1 

194,7134 

2108,17 

l*3.487fl 

1957.37 

2 

1 95*2623 

2108*17 

144,8260 

1960*42 

3 

I95.7g40 

2108*17 

1*6,1289 

1963,60 

4 

196.U35 

2108*17 

1*7,4314 

1966.86 

s 

196,4474 

2108*17 

1*8,7 2 7i 

1970,26 

6 

196*7368 

2108,17 

150.0169 

1973*70 

7 

196*9885 

2108,17 

1Si.3q9 2 

1977,20 

8 

197,2065 

2108.17 

152,6000 

1980.75 

9 ' 

197.3936 

2108,17 

153.893? 

1984,36 


•• 

stage exit 2 




* T 55«Sy NE 

PoSlflfch 

f IN) 

MaSSJFLOW 

FUN C TjQN 

(LBM/SEC) 

r&iiw 

(FPS) 

VefSjfVr 

(FPS) 

(FPS) 

1 

14*1000 

0.00000 

*84.611 

464.497 

27,190 

2 

^4*4046 

14.66746 

518.556 

517,604 

3 9 *613 

3 

14.6665 

29,37503 

546,058 

543,762 

49,039 

4 

1*.’5U 

44,06262 

569,947 

565,617 

56*274 

5 

15,2020 

58,75021 

592,235 

$85,206 

61,887 

6 

7 

15.4410 

15*6697 

73.43779 

68.12537 

613.991 

635.785 

603,064 

621.924 

639,790 

66,239 

69*559 

8 

15.6991 

102.81295 

657,937 

71.998 

9 

16.1000 

117.50052 

680,608 

657,628 

73.667 


9“lociT? 

ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

MACH 

. kum be r 

PReSsAhe 

TENPERA^URe 

FLOW 

angle 

’ (FPS) 

• 

(PSD 

(OEO *R> 

(DEG) 

*85.373 

*23766 

108,2256 

1837.96 

3*213 

520*069 

.25506 

108,7913 

1837,96 

4*376 

540*256 

,26904 

109,2293 

1037,96 

5*153 

572,719 

,28120 

109,5756 

1837,96 

3.6*2 

595*459 

.29252 

109,6619 

1837,96 

6.036 

617.554 

.30354 

110.1073 

1837.96 

6*260 

63?.S 79 

.31454 

110*3232 

1837,96 

6*382 

661,864 

.32569 

110,5164 

1837,96 

6**21 

684,583 

*33708 

110.6912 

1837.9ft 

6*392 
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streamline 




RELATIVE 

RELATIVE 

relative 

RELATIVE 

STREAMLINE 

STATIC 

static 

SLOPE 

streamline 

blade 

relative 

mack 

total 

total 

FLOW 

NUMBER 

PRESSURE 

TemPeHaTURe 

ANGIE 

curvature 

Velocity 

velocity 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


(Psn 

(DEG R) 

(DEG) 

(PER IN) 

(FP5) 

(FPS> 


(PSD 

<OEG R) 

<OEG) 

1 

104.24U 

1020.05 

1.241 

,00666 

1320,093 

1380,97? 

,60072 

1*0,3369 

1960.96 

•69.503 

2 

104.2023 

1010.32 

3.327 

.02397 

1357,616 

1*16.345 

,69462 

1*1.9500 

1964,00 

•61,556 

3 

104.1101 

1016.13 

5,256 

.03990 

1304. i7g 

1 ** 2, *84 

,7o?86 

1*3.4670 

1967,2* 

■•67.0*0 

4 

103.9899 

1814. U 

7.067 

.05501 

1*09,112 

1*67. 99 S 

.72078 

144.9223 

1970.64 

*67.310 

5 

103*#171 

1012,21 

8.784 

,06026 

1432, 75q 

1*93,321 

,73360 

1*6,34*0 

1974,16 

•66 ,800 

6 

103.6016 

1010.27 

10.421 

•08284 

1*55.201 

lSi0,69i 

.7*6*7 

147.7476 

1977.76 

<•66,50* 

7 

103.3430 

1000.26 

11.906 

.0958* 

1476.836 

1 5 *4.232 

. 759*4 

1*9,1*23 

1901.43 

-66.158 

0 

103.0412 

1006,15 

13.488 

•10030 

1497.513 

1570.023 

,77250 

150,533’ 

1905,16 

•65,029 

9 

102*6959 

1003,93 

14,931 

.12020 

1517,309 

1596,108 

,70590 

151,9257 

1908,9* 

•65,910 


»• STAqE Z PERFORMANCE •• 


STREAMLINE 

st a tcr 

ROTOR 

STAToR ROTOR 

PRESSURE PRESSUPp 

LOSS LOSS 

?TaT 0 R 
BLADE RO* 

rotor 
blade ROW 

ROTOR 

ISeNTROPIc 

stage 

jsentropic 

NUMBER 

Reaction 

Reaction 

COEFFICIENT COEFFICIENT CFF1c!eNc y 

EFFICIENCY 

EFFrcXENCT 

efficiency 

1 

.2728* 

.30493 

.1011* .11791 

.9255* 

.92300 

.9521* 

.90533 

2 

.20654 

.37105 

.IO 0 O 6 .I056i 

.9259{ 

.9 2 629 

.93290 

.95577 

,9 0 9?7 

3 

.2970* 


,q99q* *q960* 

,939*6 

,95029 

• 9 13 1* 
.915*3 

4 

.30734 

,098*6 .0 9 006 

.92667 

.9**37 

,9600 9 

5 

.31557 

.3*506 

.09713 ,0°44i 

.92701 

.9*035 

.961*9 

,9102* 

6 

.32203 

.34J01 

• q9&2* «079*6 

.92733 

.95*77 

,96266 

• 9 2030 

7 

•32926 

•33*97 

•33 9 *6 

•09539 #07*98 

.9276* 

.95*03 

.96 3 7l 

« 9 2221 

8 

•33056 

*09*57 ,0700* 

•9279* 

,95767 

.96*70 

• 9 2403 

9 

.33999 

,33091 

,09377 ,0669j 

,92824 

- ,96036 

,96569 

, 9 25»1 


* MASS-AVERAGED QUANTITIES • 


STATOR BLADE-ROW EFFICIENCY *> .92696 

ROTOR BUDE-ROW EFFICIENCY « *9*643 

STAGE WORK t. 75.253 BTU PER LSM 

STAGE TOTAL EFFICIENCY * .93*07 

STAGE STATIC EFFICIENCY ■ .83015 

STAGE BLADE- TO JET-SPEEO RATIO ■ .6729fl 



••• spool performance summary inass-avehageo quantities) 


STAGE 

STaTOR 

BLaOE-ROP 

ROTOR 

blade-row 

STAGE 

STAGE 

tot*l 

stage 

static 

STAGE 
BLADE- TO 
'JET-SPEED 

number 

EFFICIENCY 

efficiency 

WORK 

efficiency 

efficiency 

« a yio 

1 

•90861 

•’2539 

IBTU/LBM) 

73.427 

.90392 

•86064 

.66694 

2 

•92696 

.94643 

75.25a 

•93167 

• 85815 

•67290 


SPOOL TOTAL* 


SPOOL *ORk « 
SPOOL POKER 8 
- . .AL* TO TOTAl-PrEssURE RAtJO « 
SPOOL TOTAL* To STATIC-PRESSURE RATIO • 
SPOOL TOTAL EFFICIENCY » 
SPOOL STATIC EFFICIENCY ■ 
SPOOL BLADE- TO JET-SPECO RATIO * 


148*679 BTU PER 18* 
84930.00 HP * 

3.12030 

3«30l9i 


♦«5T* 

*8877i 

•48041 
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APPENDIX II 

COMPUTER OUTPUT FOR THE ORIGINAL TIP DIAMETER 
LOW-PRESSURE SPOOL 


The three alternative versions of the low-pressure spool employ- 
ing the original maximum tip diameter at spool exit are presented in this 
appendix. The computer output for the five-stage design begins on the fol- 
lowing page; the four- and three-stage versions will be found on pages 93 
and 107, respectively. In all cases, spool inlet distributions of total 
pressure, total temperature, and absolute flow angle were obtained di- 
rectly from the computer output for the hp spool. 



77 


PR09RA* T02 - AEHODTNAMIC CALCULATIONS FOR T"E DESIGN Or AXIAL TURBINES 99 


OPTIMIZED FIVE STAGE VERSION OF NASA LP SPOOL At ORIGINAL TIP DIAMETER 


«*• GEKERAL input data 


NUMBER OF SPOOLS * 1 

NUMBER OF sets OF ANALYSIS VARIABLES « I 
NUMBER OF STREAMLINES * 9 


Gas constant « 
INLET mass FLOW * 


53,35000 LHF FT/L8M OEO R 
117*50000 L8M/SEC 


* tabular inlet specifications • 


RADIAL 

TOTAL 

. total 

ABSOLUTE 

coordinate 

temperature 

PRESSURE 

FLO* ANGLE 

(IN) 

(D£g RJ 

(PSD 

<OEG> 

14.1000 

1037,96 

100.2250 

3.213 

14,4049 

1937,96 

10*. 79^ 

4.376 

14.6865 - 

1037.96 

1 1)9.2293 

5.153 

14.95U 

1937,96 

109.575$ 

5.692 

15.2020 

1837,96 

I09,86l9 

6.036 

15.4410 

1837,96 

110.1073 

6.260 

15,6697 

1837,96 

110,323^ 

6.392 

15.9991 

1937,96 

110.5164 

6,421 

16.1000 

1037,96 

1I0.69|2 

6.392 
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#•* SPOOL INPUT DATA 


•A DESIGN REQUIREMENTS *• 


ROTATIVE SPEED - 4646*0 RPH 

POxER OUTPUT “ 20110.00 HP 


•• analysis variables *• 
NUMBER of STAGES « S» 


• po*eR-output split * 


FRICTION of 

STAGE number spool power output 


1 

2 

3 

4 

5 


•20000 
• 20000 ' 
•20000 
.20000 
•20000 


9 SPEClFlc-HElT SPECIFICATION •* 


DESIGN STATION NUMBER 


1 

2 

3 

4 

5 

6 
7 
6 
4 

10 

11 


SPECIFIC HEAT 
(BTU/LUM deg R) 

.27500 

,27500 

•27300 

.27300 

.27100 

.27100 

,26600 

.26800 

*26500 

,26500 

.26200 


annulus specification * 
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station number axial position 
(IN) 

1 7 , 500(1 

Z 9,0000 

3 10.5000 

4 12.0000 

5 13,5000 

6 15.Q0QO 

7 16.5000 

G 16.0000 

9 19.5000 

10 Hi , OOOfi 

11 22.5000 

12 24,0000 

13 25.5000 


KirB RADIUS 

casing radius 

t IN) 

(IN) 

14.0750 

15.8500 

14.1000 

16,1000 

14.1400 

16,6500 

14,1800 

• 17,2000 

14,2200 

17,7500 

14.2600 

16,3000 

14.3000 

18.85Q0 

14,3400 

19,4000 

14.3800 

19,9500 

14,4*00 

20,5000 

l4.46()o 

2l,0S00 

14,5000 

21,6000 

S4.54qo 

22.1500 


« BLADE-RC* EXIT CONDITIONS * 


STATOR 1 


RAOUL 

POSITION 

urn 

15.5000 


MERIDIONAL 
VELOCITY 
ORAOIENT 
(PER SEC) 

0.00 


BHlRL VELOCITY AT THE MEAN STrEAHlUE • $49*0000' FEET PER SEC 


ROTOR 1 

RAOUL 

POSITION 

UN) 

MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 


15.5000 

•200.00 

STATOR 2 

RADIAL 

POSITION 

UN) 

MERIDIONAL 
VELOCITY 
gradient 
(PER SEC) 


16.0000 

0.00 


BHIRL VELOCITY AT THE hEAN STrEAMlINE • Bll*000D FEET PER SEC 


ROTOR 2 


meridional 

RAOUL VELOCITY 

POSITION GRADIENT 

(IN) (PER 5EC> 


16.0000 


• 200.00 



STATOR 3 


MEfllOlONAL 

RADUL VELOCITY 

POSITION 0»*01ENT 

(IN) (PER SEC) 


16,5000 v 0,00 


«HIrl VELOCITY AT THE MEAN STrEAhlInE a 776*0000 FEET PEfi SEC 


ROTOR 3 

RAOUL 

POSITION 

UN) 

meridional 

velocity 

GRADIENT 
(PER SEC) 


16*5000 

-200,00 

STATOR 4 

RADIAL 

POSITION 

UN) 

MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 


17,0000 

o 

o 

• 

o 


WHIRL VELOCITY AT THE MEAN STrEAHlInE a 


741*0000 feet PER SEC 


«OToR 4 

RADIAL 

POSITION 

UN) 

MERIDIONAL 

VELOCITY 

gradient 

IPER SEC) 


17,0000 

-200,00 

stator 5 

RAOUL 

POSITION 

(IN) 

MERIDIONAL 

VELOCITY 

gradient 

(PER SEC) 


17,5000 

0,00 


WHIRL VELOCITY AT THE MEAN STREAMLINE * 774*0000 FEET PEr SEC 


ROTOR 5 


VERtOIONAL 

RADIAL VELOCITY 

POSITION nR AnTFNT 
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(INI (PEr“'sEC> 

17.5000 *200.00 


• 8*5lc INTERNAL loss correlation «. 


TAh( INLET aNQLE) * TaN(C^IT ANGLE) 
.60000000 .* .60000000 * CO$(£*IT ANGLE) 


•TIMES* 


( .03000000 ♦ 
* *05500000 ♦ 


.15T 2 5500 * <V RATIO) •• 3. 6 0» 
.15000000 +MV RATIO)* .OqqM 


if tv ratio) .lt. 
if tv ratio) «ae. 


The PReSSURe-LOSS COEFFICIENT c°* p UTE0 IN This Manner mat NOT Exceed a LIMIT of z. oooooooo 


*60000000 
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*•» OUTPUT OF SPOOL DESIGN ANALYSIS 
** STATOR INLET 1 *• 


streamline 

NUK 0 ER 

RaDIaL 

position 

(INI 

mass-flow 

FIINcTiON 

(LHM/SEC) 

meridional 

velocity 

CFPS) 

A*UL 

velocity 

<FPS> 

whIRl 

Velocity 

(FPS) 

A05OLUTE 

velocity 

' (FPS) 

ABSOLUTE 

HACK 

NUMq £ R 

ABSOLUTE 

TOTAL 

PRESSURE 

(PSD 

ABSOLUTE 

total 

TeMPERaTURe 
(DEG R) 

ABSOLUTE 

FLOY 

ANGLE 

coca) 

I 

z 

3 

4 

5 

6 

7 

8 
9 

i**looo 

{•* *%o*9 

14 ,6868 

}4»9bl4 

|±>« 2 o 22 

lb. 4412 
l5.6fc9 6 
lb. 8892 
lb* 1000 

0*00000 
14. 687J9 
2**37461 
A4. 06195 
58.74929 
73.43664 
fib * 12400 

102.01136 

117.49873 

484.349 

*18.309 

545.931 

669,991 

**2.353 

614*145 

635,960 

658.H4 

6B 0 .778 

484.235 
517,434 
543.634 
565,658 
585,402 
0fi4.ii 13 
622.0*3 
639,96a 
657.79 i 

26,999 

39.387 

48,9 4 r 

56.252 
*1.*03 
66.27ft 
69. 6 U ' 
72.06! 
73.T20 

^85,101 

5J9.0O3 

s 48.i2j 

*7 2 .i6j 

595,579 

039.758 
662*048 

684.758 

,23774 
•25493 
,26898 
•28122 
•29258 
•30362 
.31463 
.32570 
- ,33717 

1Q8.2191 
108.7843 
lp9,2246 
109,5742 
109,8621 
110* i0®4 
110*3248 
U0 *Si8 2 
110,6929 

1837.96 

1837.96 

1837.96 

1037.96 

1037.96 
1*37,96 

1837.96 

1837.96 
1837,9ft 

3.213 
4.376 
5.154 
5,603 
6,036 
6.26o 
• •302 

••421 

6,3*2 

STREAMLINE 

NUjublR 

STATIC 

PRESSURE 

ipsn 

static 

Temperature 

(UE 6 R) 

streamline 

slope 

angle 

(OEG) 

STREAMLINE 
CURVaTUhe 
i per in) 







1 

2 * 

3 

4 

5 

6 

7 

8 
9 

10*. 2392 
144.2002 
lo* • 1160 
103.9874 
1o3.8|5o 
103.599A 
103*3406 
103*0388 
102.6935 

1820.87 

1818.34 

1816.14 

1914.14 
1812.20 
1810.25 
1800.24 
1806.13 
1803.91 

1*241 

3,328 

5,258 

7.069 

8.786 

10*422 

11*987 

13.468 

14,931 

•00666 

.023*8 

•04000 

,05503 

*06928 

•08285 

•0*504 

•10830 

•12028 











•* STATOR EXIT - ROTOR INL^T 1 ** 





STREAMLINE* 

number 

Radial 

position 

UM 

MaSS-FLOK 

FUNCTION 

tL0P/$EC> 

meridional 

velocity 

CFPS) 

AXIAL 

velocity 

(FPS) 

WHIRL 

velocity 

<fpsi 

absolute 

velocity 

CFPS) 

ABSOLUTE 

MACH 

num 0E r 

ABSOLUTE 

TOTAL 

pressure 

CPSI) 

ABSOLUTE 

total 

temperature 

<OEO R) 

ABSOLUTE 

FLOW 

angle 

C0E01 

1 

2 

3 

14.14Q0 

J4.475S 

14.8026 

0*00000 

14.68744 

29.37489 

504.662 

504.662 

504.662 

504.482 

503.423 
„ . 501.477 

800*302 

075.6 2o 

R68.38R 

1014,700 

1010.640 

_ 1004.181 

,5o536 

•*0325 

•Snoni 

107. 06B0 
107.5635 
107,9441 

1837.96 

1837.96 
1837.94 

60*104 

60*104 

49.994 



83 


4 

lb.122? 

44.06233 

504.662 

498,704 

659,274 

996,511 

.49593 

108,2326 

1937.96 

59.870 

5 

lb. 4366 

SB. 7*978 

504.662 

495.152 

649.000 

967.666 

.49135 

108.4550 

1837,9ft 

59.749 

6 

lb. 7455 

73.43722 

504.662 

490.660 

638.134 

978,341 

.48653 

108,6316 

1637,9ft 

59.644 

7 

16.0S02 

88.12467 

504.662 

485.858 

627.030 

966.046 

.40162 

108.7763 

1837.96 

59.567 

a 

16.3515 

102.81211 

504.662 

480.171 

815.809 

959.205 

.47669 

100.8956 

1837.96 

59,520 

9 

16,6500 

1 1 7 ,49956 

504,662 

473,815 

804,488 

949,676 

.97174 

108.9924 

1837,96 

59.503 





STREAMLINE 




Relative 

relative 

relative 

relative 

streamline 

static 

static 

SLOPE 

streamline 

BLADE 

relative 

MACH 

total 

total 

flow 

NUMBER 

PPE5S0RE 

TehPeRaTURe 

angle 

curv a ture 

Velocity 

velocity 

NUNggR 

pressure 

TEMPERATURE 

ANGLE 


(PSD 

(DEG R) 

toEG) 

(PER IN) 

CFPS) 

CFP5) 


(psn 

(deg rj 

(DEO) 

1 

80.6377 

1763,19 

1.528 

,00000 

573,292 

59o,71o 

,29420 

95,9769 

1708,53 

31.323 

2 

91.1809 

1763.78 

*.015 

.00000 

586.895 

581,417 

,28952 

96,3792 

1788.33 

2 9 .®35 

3 

91,6943 

1 7 64,7q 

6.440 

,00000 

600.158 

571,516 

.20452 

96,7390 

1708,42 

26.161 

4 

92.1TB7 

1 7 65,84 

8.013 

,00000 

613.133 

561.488 

.27943 

97, 0 67o 

1788,7* 

24.269 

S 

92.6357 

1767.12 

11.141 

•ooooo 

625.863 

551,79! 

,27451 

97,3734 

1789,23 

24,258 

6 

93*0673 

1760.45 

>13.431 

•00000 

638,387 

542.754 

.2699! 

97,6661 

1789,04 

22.143 

7 

93.4754 

1769.79 

15.690 

•ooooo 

650*740 

534.567 

,26574 

97,9501 

1790.55 

19,943 

a 

93.0621 

1771,13 

17.923 

.00000* 

662.954 

527,303 

.26203 

90,2287 


1 7 ,658 

9 

94,2294 

1772.46 

20.136 

.00000 

675.057 

520,995 

•2588o 

98.5Q37 

J7«2.1S 

15.279 






• 9 

stage exit 1 

•• 












absolute 

absolute 

ABSOLUTE 

ABSOLUTE 

streamline 

RADIAL 

HASS-FLOtf 

MERIDIONAL 

AXIAL 

WHIRL 

absolute 

MACH 

total 

total 

FLOW 

NUMBER 

POSITION 

function 

velocity 

velocity 

velocity 

. velocity 

number 

pressure 

temperature 

ANGLE 


( In) 

(LRM/SEC* 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(DEG R) 

(DEG) 

1 

14.1B00 

0.00000 

467,817 

467,651 

-111.875 

401.008 

.24091 

87.8431 

1756.18 

-13,454 

2 

14,5646 

14.68673 

46i,407 

460.340 

-llT.103 

♦76,035 

,23855 

87.7879 

1753,88 

-14.272 

3 

14,9*51 

29.37346 

455.066 

452.368 

-120.453 

470,738 

.23600 

87,7283 

1751.97 

-1*.910 

4 

15.3226 

44,06019 

4*8.775 

443,766 

-122.296 

465.140 

.23328 

87.6649 

1750,40 

-15,407 

5 ' 

15.6981 

58,74692 

4*p,5l6 

434,559 

-122,976 

459, 2 86 

,23040 

87.5984 

}7*9.09 

-15,801 

6 

16,0726 

73,43366 

436.274 

424,765 

•122,729 

*53,208 

.22740 

87,5292 

1747,97 

-16,116 

T 

16,4471 

86.12039 

430.032 

414,397 

-121.680 

446,916 

.22428 

87,4577 

1747,00 

-16,364 

8 

10.8226 

I02.®07l2 

423.774 

403.463 

-119,063 

♦40,399 

.22103 

87,3838 

1746,16 

•16,546 

9 

1 7.2000 

117.49384 

417,484 

391,966 

-117,289 

♦33.647 

.21766 

87.3074 

1745,46 

•16,659 





STREAMLINE 




Relative 

relative 

relative 

RELATIVE 

STREAMLINE 

static 

STATIC 

SLOPE 

-STREAMLINE 

BLADE 

relative 

MACH 

total 

TOTAL 

FLOW 

NUMBER 

PRESSURE 

TEmPFMaTUHE 

ANGLE 

CURV*TURE 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

temperature 

ANGLE 


(PSI) 

(OEG R) 

(OEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(DEG R} 

(DEG) 

1 

e*.3Zol 

1739,25 

1,528 

0.00000 

574,91* 

830,983 

.♦1619 

94,7265 

1789,77 

-55,740 

2 

04.5301 

1737,30 

3.897 

-•ooooo 

59q,So7 

8*4,754 

.42333 

95,1064 

1789,50 

•56,954 

3 

84.5404 

1735,76 

6.242 

••Ooooo 

605.933 

057,159 

.42973 

95.4555 

1789,51 

•58.087 

4 

e*,55p9 

1734,58 

8.568 

-♦OOOOO 

621.238 

068,47! 

.43555 

95,7790 

1709,7s 

-59,l7 0 

5 

Ba.5612 

1733.66 

10.802 * 

-♦ooooo 

636.463 

878.956 

.44q93 

96.0031 


- 60*221 

6 

84.5714 

1732,95 

13.190 

-.ooooo 

651 #6*8 

088,816 

.44597 

96.3725 

179o,f* 

-61*254 

7 

84,5812 

1732.39 

15.497 

-,00000 

666.832 

090, l5 3 

,4Sq72 

96,6*96 


-62,276 

8 

8*,S9o5 

1731.98 

17,011 

-,00000 

682,055 

907,004 

.45522 

96.9140 

1792.16 

-63.292 
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8 ‘♦•5994 

1*31*70 

20,136 

STREAMLINE 

stator 

ROTOR 

number 

reaction 

reaction 

1 

.47807 

•71086 

2 

*51433 

•68827 

3 

*54573 

•66676 

4 

.5*477 

•64653 

5 

*60302 

.62776 

6 

.63139 

.61065 

7 

.66 0 33 

.59516 

8 

.69015 

.58137 

9 

.72104 

.56915 


-.00000 

697*357 

’15.39! 

** STAGE 

I PERFORMANCE ** 

STATOR 

ROTOR 


PRESSURE 

PRESSUrf 

stator 

LOSS 

LOSS 

rLaoe Row 

coefficient 

COEFFICIENT EFFICIENCY 

•06946 

•14166 

•94092 

•07365 

.13699 

.93737 

•07841 

• 13605 

.9 33’ 5 

.08335 

• 13311 

•93016 

•06895 

.13041 

•92S9o 

•09499 

.12617 

.92123 

.10133 

.12651 

.91631 

.10606 

•12572 

• 91112 

.11533 

•12565 

•9o56q 


^459*7 97*1661 1793^00 


ROTOR 

ROlOH 

stage 

BLADE ROW 

ISENTROPIC 

ISENTROPIC 

EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

,80262 

.92097 

.87492 

,88606 

.9230* 

.87568 

,8B989 

.92528 

•87677 

.89362 

.92737 

.87750 

.89701 

.92917 

.87768 

,89990 

.93064 

.87735 

•’021* 

.93167 

.8765q 

•’0371 

.93218 

•87508 

.9 0 443 

.93211 

.87298 


- 64^306 


• KASS* AVERAGED QUANTITIES • 


STATOR BLADE-ROW EFFICIENCY « *92491 

ROTOR BLADE-ROD EFFICIENCY * *8957* 


STAGE WORK » 
STAGE TOTAL EFFICIENCY ■ 
STAGE STATIC EFFICIENCY ■ 

stage blade- to jet-speed ratio o 


24.194 BTU PER L0H 

*87621 

*76113 

• 50002 * 


•• STATOR EXIT - ROTOR INLET 2 •* 


streamline 







ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

RAUIaL 

mass-flow 

meridional 

AXIaL 

WHIRL 

absolute 

MACH 

total 

TOTAL 

FLOW 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

ANGLE 


tlw> 

1L8M/SECJ 

tFPS} 

(FPSl 

tFPS) 

’ (FPS) 


(PSI) 

(DEG R) 

(DEG) 

1 

1**<?20Q 

0. OQOOO 

*07.631 

4Q7,*t)6 

<916.437 

1003*005 

.&1073 

66.3446 

1756,20 

66,028 

2 

1 4 * 7 q74 

14.68746 

407.631 

*06,590 

886.704 

975.9H 

,49670 

06,381* 

1753.90 

65,367 

3 

15,1769 

29.3/492 

*07,631 

*04.952 

859,509 

951.272 

.40393 

86.402® 

1751,99 

64.773 

4 

lb. 6315 

44,06238 

*07.631 

*02.648 

634.391 

9ZB.64 0 

■.*7221 

86*4116 

1750.41 

64,2*0 

5 

16.0734 

58,7*984 

*07.631 

399*732 

811.000 

9o7.68i 

.4613* 

86,4099 

1749,09 

63.762 

6 

16.50*7 

73.43730 

*07.631 

396.249 

789,057 

888,129 
869, m 

:SS!»t 

86,3995 

1747.97 

IVMl 

7 

16.9z69 

88.12476 

*07.631 

392*235 

768,338 

06*38x6 

17*7,00 

8 

17*3416 

102*8 1222 

*07.631 

387,717 

748.663 

852.443 

.43273 

86.3572 

1746.16 

62.621 

9 

lT.7S00 

117*49968 

*07.631 

302.715 

729,878 

035.993 

•42422 

86,3269 

1765.45 

62.329 
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STREAMLINE 




RELATIVE 

RELATIVE 

RELATIVE 

RELATIVE 

STREAMLINE 

static 

STATIC 

SLOPE 

STRFAMLINE 

8LAOE 

relative 

MACH 

total 

total 

FLOW 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 

curvature 

Velocity 

velocity 

NUMBER 

pressure 

TEMPERATURE 

angle 


tPSIl 

(DEC R) 

(DEG) 

(PER INI 

CFPSl 

tFPS) 


(PSI1 

t0E0 R) 

(DEG) 

1 

72.B123 

1*82.61 

1.528 

-,ooooo 

576,535 

530,750 

,27026 

76,4285 

1703,21 

39.833 

2 

73.5o5*J 

1684,23 

*.097 

-.00000 

596.297 

500.A99 

,25473 

76,7*25 

1702.55 

35,536 

3 

7*. 1172 

' 1*85,79 

6.572 

-.ooooo 

615,33* 

475,i6fl 

.2*173 

77 , qS 1* 

1702,31 

31.089 

A 

7*. 6612 

1637.33 

8.968 . 

-•ooooo 

633.76* 

*54.329 

.23102 

77,357* 

1702.43 

26,486 

5 

75.149Q 

1688.82 

U.298 

-.ooooo 

65l.6Bi 

437.660 

.222*5 

77,6627 

1702.84 

21.731 

6 

75.589* 

1690,27 

13.571 

-•ooooo 

669,165 

42*. 897 

♦21587 

77.9687 

1703.47 

16.834 

7 

75.909* 

1691,66 

15.797 

-.ooooo 

666.28* 

*15.800 

•21116 

78.2770 

1704.30 

11.816 

8 

7*.3S*5 

1693,00 

17.983 

* -.ooooo 

703,097 

*10,17 0 

,20022’ 

78 ,5808 

I705,3i 

6,703 

9 

76.6894 

1696.33 

20.136 

-.ooooo 

719,656 

*07,759 

.20691 

78.9 0 sr 

1706,49 

1.530 





«* 

STAGE EXIT 2 

*• 













ABSOLUTE 

absolute 

absolute 

ABSOLUTE 

streamline 

RaIUaL 

MaSS-fLOW 

MERIDIONAL 

aMal 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 

NUMBER 

Position 

FUNCTION 

velocity 

velocity 

velocity 

VELOCITY 

number 

PRESSURE 

temperature 

ANOLE 


UN) 

(L 8 M^SEC) 

(FPSl 

(FPS) 

(FP5) 

(FPSl 


(PSI) 

(DEG R) 

(DEG) 

1 

14.2&00 

o.ooooo 

*15.381 

♦15.234 

-114*34! 

43o* fl 3l 

•22oB5 

69, *7,3 

1669,8, 

-15,396 

2 

1*.77*9 

14,6863® 

406.000 

405,858 

-119,001 

*23.849 

,217*6 

69, *l*b ' 

1666.S5 

-16,342 

3 

15.2833 

29,37277 

398.32* 

395.965 

•121,482 

*16,439 

,21300 

69.3539 

1663,02 

-17,056 

4 

15.7873 

4*.059i5 

309.927 

365,501 

* 121* V 12 

*08.5*1 

.20986 

69,2008 

l 66 i, 6 (j 

-l7 ,546 

5 

1 6 . 200 S 

58.7*563 

301,573 

37*.?25 

“120. 67 n 

♦OQM 9 * 

.26566 

69, ei 97 

1659,70 

“l7,0So 

6 

16.7BB7 

73.43l9 2 

373.236 

363.411 

-JIB. i78 

J9j,*99 

• 2012 b 

69,1*77 

1658,29 

-10*014 

7 

l7.2B96 

0 H. U 83 O 

36**860 

351,6*7 

-jl%. 669 

383 . 48 , 

.19665 

69,0735 

1657,07 

-j8,06i 

8 

17.7926 

102.00460 

356,501 

339. *35 

-110,276 

373,168 

,19!09 

68,9974 

1656,09 

-17.99$ 

9 

1«.3000 

1 1 7.491 oT 

348.0*0 

326,774 

-105.05R 

363.558 

.10696 

6B,9i97 

1655,35 

-17,023 




streamline 


* 


RELATIVE 

relative 

relative 

relative 

streamline 

ST»Tic 

ST*Tic 

SLOPE 

streamline 

BLADE 

relative 

MACH 

TOTaL 

TOTaL 

flow 

number 

Pressure 

T£MPeR/|TURe 

ANGLE 

CURV a TURe 

Velocity 

velocity 

num be r 

pressure 

Temperature 

angle 


(psn 

(DEO R) 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(deg R) 

10EOJ 

1 

67.2489 

1656,13 

1.526 

0,00000 

578,157 

?07,524 

,*1396 

75,2987 

1704,19 

-59,052 

2 

67. ^(,3 

1*53.31 

3,099 

•ooooo 

599,032 

6 25,2&4 

,423*1 

75.7 00 2 

JT03,5 0 

-*0.523 

3 

67.2720 

1&51.0* 

6 , 2*1 

.00000 

619,646 

8*1.389 

,43198 

76,0744 

1703.21 

-61,886 

4 

67,203* 

16*9.30 

8.562 

•ooooo 

640.078 

055.963 

.*3969 

76,4199 

1703, 29 

-63.160 

5 

67,29*4 

16*7,98 

10,871 

•OOOOO 

660,400 

669,292 

,*4672 

76,7*13 

1703,67 

-64,370 

6 

67,30*6 

16*6.99 

13,175 

,00000 

680,662 

6 Bl.75o 

,♦5326 

77,0*58 

1704.29 

*65,539 

7 

67,31*1 

16*6.29 

15,482 

.00000 

700.99 o 

893.556 

,459*2 

77.3376 

1705.13 

•66,678 

0 

67.3220 

1645,83 

17,800 

•ooooo 

721.39, 

904.856 

.46530 

77.6195 

1706.16 

-67.790 

9 

67,3306 

16*5,60 

20,136 

,00000 

741,955 

915,734 

,47 0 93 

77,8928 

1707,40 

-68,904 


*• STAGE 2 PERFORMANCE *• 
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STREAMLINE 

STaTcR 

ROTOR 

ST*TOH 

PRESSURE 

LOSS 

ROTOR 

pressure 

LOSS 

stator 
bLaoe Row 

ROTOR 
BLADE ROW 

ROTOR 

ISENTROPIC 

STAGE 

ISENTROPIC 

NUMBER 

REACTION 

Reaction 

COEFFICIENT COEFFICIENT 

efficiency 

EFFICIENCY 

efficiency 

efficiency 

1 

.*7957 

.65726 

.11072 

.1573,, 

.91027 

•07325 

•92238 

.85659 

2 

,40770 

*60647 

• 1q9?2 

.13989 

.91007 

.00654 

.92872 

.06660 

J 

,49aR$ 

*56474 

.10788 

* 1269 j 

.91143 

.89701 

.93372 

.07*9 O 

4 

,50080 

.53070 

.10666 

.11663 

.9ll9s 

.90449 

.93713 

.88135 

5 

•50600 

.50347 

•10554 

.11363 

*91244 

.90935 

.93905 

,88600 

6 

.51029 

.48100 

•lO^Sl 

.11105 

*9129o 

.91219 

.93974 

.80939 

7 

•51383 

.46534 

.10356 

• 11038 

•91333 

.91336 

.93934 

.89143 

0 

*51663 

,45330 

. 10264 

•1113ft 

*91376 

.9130® 

,93793 

.89233 

9 

*51872 

*44528 

.10175 

• 11-168 

•91419 

.91140' 

.93553 

.89211 


• MASS-AVERAGED QUANTITIES * 

STATOR HLAOE-ROW EFFICIENCY 

a 

.91236 

ROTOR BLADE-ROW EFFICIENCY 

a 

.90355 

stage work 

a 

24.193 BTU PE« LB* 

STAGE TOTAL EFFICIENCY 

a 

.00206 

STAGE STATIC EFFICIENCY 

a 

♦79076 

STAGE BLAOE- TO JET- 5 PEE 0 RATIO 

a 

.52949 


•• STATOR EXIT - ROTOR INlET 3 ** 









absolute 

absolute 

absolute 

absolute 

streamline 

PaUIaL 

h a ss-flqw 

meridional 

A*!aL 

whirl 

ABSOLUTE 

Mach 

tot a l 

total 

FLOW 

numbe* 

POSITION 

FUNCTION 

velocity 

Velo c itt 

velocity 

VELOCITY 

number 

PRESSURE 

Temperature 

angle 


.UN> 

<LbM/SEC> 

(FPSJ 

IFPS) 

(FPS) 

IFPS) 


<PSI) 

(DEG R) 

10EG) 

1 

14.3000 

o*ooono 

364.10 9 

363.979 

9 ob .763 

976.20» 

.50919 

68.2161 

1669.82 

68.107 

2 

1-.940O 

14.607*7 

364.109 

363.1*1 

067.0*1 

9*1.129 

.49064 

60.2668 

1666.55 

67,29* 

3 

15.5646 

29.3749, 

36*. io 9 

361,623 

834.1*2 

k 9 10«148 

.47*26 

6B.300 9 

1663.04 

66,562 

4 

16.1554 

44.06242 

364.109 

359.510 

803*7*9 

802,376 

.45950 

68.3167 

1661,61 

65,9q1 

5 

16. ?24fl 

58.7*909 

36*. ig9 

356,069 ' 

776* 000 

857*176 

.44626 

68. 31*4 

1659,70 

65.303 

6 

17.2764 

73.43736 

36*. 10 9 

353.7*9 

750.409 

0 34*C)8o 

.43*05 

68.311$ 

1650.29 

6*.76n 

T 

1T.3J29 

80.12483 

364. io 9 

350,108 

726.606 

$12*731 

,42276 

68,2957 

1657.06 

64,268 

0 

10.3367 

102# a l230 

364, iq9 

346,215 

704.301 * 

792,053 

.41225 

68.2727 

1656,09 

63.823 

9 

l«.85oO 

H7.49970 

36*. io 9 

. 341.853 

683.26! 

774.223 

.4o23 a 

68,243® 

1655.34 

63.420 





STREAMLINE 




RELATIVE 

relative 

relative 

RELATIVE 

STREAMLINE 

STATIC 

STaTIC 

SLOPE 

STREAMLINE 

BLADE 

relative 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

PRESSURE 

temperature 

ANGLE 

CURVATURE 

velocity 

VELOCITY 

number 

PRESSURE 

TEMPERATURE 

angle 


tPSl I 

COEG R) 

(DEG) 

(PER INI 

(FPS) 

«FPS> 


IPS!! 

(DEG R} 

(OEO) 

1 

57,5607 

1599,59 

1.520 

0.00000 

379.779 

488,713 

.25491 

60,1052 

1617,19 

41,648 

2 

5*.295t) 

1601,28 

4,170 

-.00000 

606,05i 

*46.452 

.23379 

60.4576 

1616,10 

33,780 

3 

54.9J94 

1002,79 

6,649 

-.00000 

631,049 

416,920 

,21725 

6O.0OZ 0 

1615,6 0 

29,319 

4 

59.456? 

1604.23 

„9.u6_ 

__ , ■•nnnfjft 


39t* 

•?ft4A6 

61.1445 

1A1R.A* 

99.477 
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5 

59.9250 

1605.64 

11.445 

*.00000 

678.09ft 

377.043 

,19630 

6*1*855 

1616.11 

U.v • ' 

15,3*2 

6 

60.3372 

1607,02 

13.700 

-.00000 

TOO. *52 

367,52n 

.19126 

61,8280 

1616.97 

8,038 

7 

60.7030 

160B.39 

15.895 

-.00000 

722.205 

364 , 135 

.18941 

62,1730 

1618.16 

.720 

8 

61.0300 

1609,76 

16.037 

-.30000 

7*3.*** 

366.20? 

.190*1 

62.52*5 

1619,65 

-6.451 

9 

61.32*0 

1*11.17 

20.136 

-.30000 

764.254 

373.008 

.19386 

62,88*2 

1621.42 

-13.329 





•• 

STAGE EXIT 3 

«• 

absolute 

absolute 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

RaUIaL 

M A S5-FL06 

meridional 

AM At 

WHIRL 

ABSOLUTE 

MACH 

, total 

total 

FLOW 

number 

RCMTiON 

EU«c7l° N 

velocity 

velocity 

velocity 

VELOCITY 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


UN* 

(LRM/SEC) 

cfpsi 

IFPSI 

IFPSI 

<FP5) 


(PSD 

(0£0 R» 

(OEG) 

1 

1* .3*00 

0.00000 

390,536 

398.39ft 

•*l*.*7ft 

*14,649 

.2179* 

54,33*8 

1582,67 

-l6, 03* 

2 

**.9854 

14.68763 

387,779 

386.801 

-I21**l q 

*06.3** 

.21301 

54,2832 

1578,23 

-*7,A 2 4 

J 

iS.ftZU 

29,37525 

377,182 

37* .94* 

-12*. 034 

397, 0 S 2 

,20912 

54.22*2 

1574,65 

-18,3 0 * 

4 


44,062«8 

36f».69() 

362,611 

-123.467 

JB6,9i8 

.20393 

54 ' lS !s 

157* .a 0 

-*8.003 

5 

jfa .8768 

SB. 75050 

356.256 

3*9,880 

-120.861 

37ft, j99 

,19839 

54,0098 

1589,54 

-19.057 

fa 

l7.S 0 20 

73.43013 

34S.635 

336.750 

-1*6.740 

365.010 


5*,oi 6 0 

*567.77 


7 

l a M2 9 2 

80.12576 

335,382 

323.2*3 

-U*. 390 

353,399 

,*86*8 

53. 9 **2 

1566. A* 

-*9,o*5 

-*8,736 

8 

!«.7fa 0 9 

I02. 8 l33 8 

324.05ft 

SC:?ir 

-* g 4.9*9 

-97.322 

3*1.377 

•ijois 

63. 860 0 

1565.45 

9 

l 9 .*ooo 

IlT.SolOl 

3l*.202 

320.930 

.i7 3 58 

53.792* 

1564.88 

-*8,258 




streamline 




relative 

relative 

relative 

relative 

streamline 

STATIC 

static 

SLOPE 

STREAMLINE 

BLaOE 

RtLATlVE 

MACH 

total 

total 

FLOW 

number 

PRESSURE 

temperature 

ancle 

CURVATURE 

velocity 

velocity 

NUM 6E R 

PRESSURE 

temperature 

angle 

* 

(psn 

(DEO h> 

<0EG) 

(PE« INI 

<FPS) 

(FPS) 


(PSD 

(OEG R) 

(OCO) 

1 

52 .6355 

1569,66 

1.528 

,00000 

5BI.*01 

a 01.9X* 

,*2l*2 

59,2005 

1617.78 

•60,200 

2 

52*6*76 

1565.93 

3.9oi 

.00000 

6q7 .568 

025.700 

.*34*7 

59.6*6* 

1616.73 

-62.0*5 

3 

52.6599 

l562.9o 

6.23 9 

.ooooo 

633.347 

0*6,104 

,**563 

60.0*27 

1616.25 

-63.662 

ft 

52.67J8 

1560,6ft 

8.555 

.00000 

658.87(1 

064.010 

,*S539 

60.4001 

1616,27 

-65.132 

5 

52.6829 

1558,99 

10,857 

,00000 

684,25) 

080,411 

,*6*20 

60,73*0 

16)6,75 

-66,512 

ft 

52.6931 

1557,84 

13.156 

•ooooo 

7o9.6 0 ? 

095.800 

,♦7257 

6 1 . 05 1 9 

1617,63 

-67,828 

7 

52.7(321 

1557,11 

15.463 

•ooooo 

735.03ft 

9 l0.*5l 

,*Bq*2 

61,3582 

1618.88 

-60.099 

a 

52.7J00 

1556,77 

17,786 

•ooooo 

760,64? 

9 2*.5l* 

,*8709 

61.65*9 

1620.46 

-70.335 

9 

52.7*60 

1556.02 

20.136 

•ooooo 

786,553 

9 3 8. 0 6* 

.*9503 

*1. 9 *2 7 

1622,39 

-7*,5ft3 





STAOE 3 PERFORMANCE *♦ 






STREAMLINE 

STaTcR 

ROTOR 

SWOR 

PRESSURE 

LOSS 

ROTOR 

pressure 

loss 

stator 
qLaoe Rom 

ROTOR 
BLAOE ROM 

rotor 

1SENTR0PXC 

STAGE 

isenTropic 

MJMbER 

Reaction 

reaction 

coefficient 

COEFFICIENT EFFICIENCY 

efficiency 

efficiency 

EFFICIENCY 

1 

.*♦133 

.609*3 

.11776 

.149*4 

.905*3 

.88292 

.92903 

.06116 

2 

.45030 

* .5*311 

•11*8* 

.12603 

.90656 

.099 O S 

.93553 

.0740* 

3 

.*5755 

.*9275 

•11221 

.11*37 

.9079* 

.90923 

.94005 

.08332 

* 

.46300 

.*5523 

.10970 

.10770 

.90929 

.9*495 

.94215 

.00970 

5 

,46688 

.♦2826 

,1072ft 

,10*9ft 

.91071 

.9*782 

.9*258 

.8940? 
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6 

♦*693P 

.41027 

,10484 

.10*6^ 

.91216 

.9)646 

.94)58 

.89657 

7 

.47061 

.39995 

•10246 

. 1 044 ft 

.91364 

.91723 

.93923 

.89749 

8 

•47066 

•39611 

.100)0 

.11006 

•41516 

.91429 

.93554 

•09602 

9 

.46950 

.39764 

.09772 

.11560 

.91673 

.90969 

.93040 

.89450 


• MASS-AVERAGED quantities « 

STATOR BLADE-SOW EFFICIENCY 

8 

♦91079 

ROTOR BLAUE'ROri EFFICIENCY 

« 

.91092 

STAGE work 

ft 

24t)94 BTU PE« LB* 

STAGE TOTAL EFFICIENCY 

« 

.68872 

STAGE STATIC EFFICIENCY 

8 

.80592 

stage blade- to jet-speed ratio 

■ 

A •55471 






*• STATOR 

EXIT - ROTOR 

INLET 4 *• 












ABSOLUTE 

absolute 

ABSOLUTE 

ABSOLUTE 

$TREA*LINE 

RaDIaL 

N A SS-FLO« 

meridional 

A«UL 

WHIRL 

absolute 

«ACH 

total 

total 

FLOW 

mjnbeR 

pcsition 

FUUc t I°N 

VtLOClIT 

velocity 

velocity 

velocity 

nuh B £R 

PRg5SUR£ 

temperature 

ANGLE 


(IN) 

(L-.H/SECJ 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(OEG R) 

(DEG) 

1 

)4.30OO 

0*00000 

346.500 

346.385 

893 .99 2 

958.796 

.51305 

53.30* 6 

1582,60 

68,021 

2 

)5.i968 

.4.68748 

346.500 

345.552 

847.744 

9i4.fi2T 

.48980 

53.3632 

1578.24 

67,82% 

3 

15.9643 

29,37496 

344,500 

344.056 

0O7,«12 

878,993 

.*6989 

53.3*63 

1574,66 

66.930 

4 

16.6924 

44,06244 

346,5o8 

341.999 

772,586 

846.733 

.45246 

53.4)05 

1571,80 

66,123 

S 

1 1 .3880 

58,74992 

346,500 

339.456 

741.000 

B l0.Ol5 

.43692 

53.4105 

1569,54 

65.307 

6 

)8,0S84 

73,43*39 

346.500 

336 .*82 

712.301 

192.111 

.*22*0 

53,3996 

1567,76 

64 * 7 A5 

r 

)6.7(j63 

88.12687 

346,500 

333,116 

485.932 

768,486 

.♦lolo 

53.38o3 

1566,41 

64.097 

a 

19.3350 

102*81235 

346.508 

329.391 

661*475 

746.738 

.39830 

53.3543 

1565.46 

63.S2* 

9 

19,9500 

1)7,49903 

346.5Q0 

325,328 

638.601 

726.553 

.38732 

53,3226 

1564,08 

63,00* 


streamline 

static 

static * 

streamline 

slope 

streamline 

BLADE 

RELATIVE 

RELATIVE 

MACH 

relative 

total 

RELATIVE 

total 

relative 

FLOW 

NURSE** 

PRESSURE 

temperature 

ANGLE 

curvature 

velocity 

VELOCITY 

NUMBER 

pressure 

temperature 

ANGLE 

l 

(PSD 

44,0380 

(DEO RJ 
1S14.18 

(DEG) 

1.528 

(PER IN) 
0.00000 

(FPS) 

583,022 

* (FPS) 
465,586 

.24913 

(PSD 

46,7370 

(CEO R) 
1530.33 

(DEG) 

41.916 

2 

45.5662 

1515.74 

4,256 

-♦00000 

616.139 

416.784 

301.090 

.22290 

47,1064 

1528.60 

33.032 

3 

*6,1611 

1517.09 

6.820 

-.00000 

647,255 

. 20*16 

*7,4673 

1527.90 

25.017 

4 

46,6572 

1510.38 

9,253 

-.ooooo 

676,777 

359,510 

.19211 

47,6248 

1520.01 

15.650 

5 

4 7 .0778 

1519.67 

11.579 

-•OooOO 

705,002 

048.373 

.18600 

40.1025 

1528.72 

6.Q53 

6 

47.4393 

1521.01 

13.617 

-.00000 

732*159 

347.077 

.18530 

48.5431 

1529.90 

-3.377 

7 

47.T532 

1522,41 

15.901 

-•ooooo 

750,426 

J54.010 

367,516 

.18892 

48,9q05 

1531.75 

-12.278 

8 

46*0284 

1523.91 

18.084 

-•OOOOO 

7B3 *95 j 

.19603 

49.200* 

1533.97 

-20.396 

' 9 

48.2715 

1525.55 

20*136 

-♦OOOOO 

800*852 

306* q74 

•20502 

49.6600 

.1536.65 

-27.624 


•• *TAflF EXTT 4 •* 
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ABSOLUTE 

absolute 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

FUOIaL 

MaSS-FLOm 

NtKlIlIONAL 

A*1AL 

WHIRL 

absolute 

HACH 

total 

total 

FLOM 

NUMBER 

POSITION 

function 

velocity 

velocity 

velocity 

velocity 

NUMBER 

pressure 

temperature 

ANGLE 


(Ini 

(lgp'seo 

IFPSI 

(FP5) 

cfpsi 

(FPSI 


(PSD 

<OEG 9] 

(DEG) 

1 

1***20G 

o»qoooo 

*01.93* 

*01.791 

•110.25* 

♦ JB.969 

.22623 

*1.953* 

1*94.36 

•16**00 

z 

16.1960 

14.0070* 

3HH.966 

388,062 

-126.0*2 

*00*870 

*22116 

*1.9029 

1486.60 

•17.994 

3 

I***ft20 

*9.37*29 

376,233 

373,999 

-120.32? 

397,515 

.21529 

*1 .0**3 

1*0*. 2* 

-10,937 

4 

^♦Tj69 

♦*.06293 

361.652 

359 , 6 Q* 

•126.799 

305,125 

.20877 

*1.779* 

1*00.91 

-19,*23 

s 

jT,a67q 

stf.Tsosa 

35j.l5l 

3**.67 0 

-123.00* 

372.q7i 

•201 R 2 

*1.7110 

1*70.19 

-l9,63o 

6 

1^,2163 

73.43022 

330.662 

329,786 

-117.521 

358.473 

♦ 19453 

*1.6*0* 

1*76.2* 

•19.614 

7 


80.12507 

326.119 

31*. 33* 

-H0*58| 

344.357 

.10691 

*1.5680 

l*74.9o 

•l9.3B 2 

e 

19.7207 

102.91351 

313.456 

290. *9 2 

-102*206 

329,690 

,17895 

*1.*9*3 

1*74,16 

-10.902 

9 

20 .Sq AO 

UT.SoilG 

300.600 

202,226 

.92,308 

3i*,*54 

,17|,64 

*1.*195 

1*74,02 

•l«.lll 


STREAMLINE 

MJVBE” 


1 

2 




streamline 




relative 

RELATIVE 

RELATIVE 

relative 

static 

static 

SLOPE 

STREAMLINE 

BLADE 

RtLATlVc 

MACH 

total 

total 

FLOM 

PRESSURE 

Temperature 

angle 

CURVaTURE 

Velocity 

velocity 

NUMBER 

PR E S5URE 

temperature 

angle 

(PSD 

(DEG R> 

tOEG) 

(PER INI 

(FPS) 

' (FPS) 


(PSD 

(oeq R) 

(OEQ) 

40,5360 

1*01.13 

1.520 

•,00000 

S0*,6** 

b 09,7q2 

.♦3722 

46.0177 

* 1530.S4 

-60,2*7 

40.5*06 

1*76,00 

3,9q9 

-,00600 

616,109 

037,975 

,*5326 

*6.4627 

1529,00 

-62,390 

*0.56i« 

1*72,3*3 

6,2*7 

-.00000 

6*T 16 * 

0*1.933 

,*6602 

*6*8559 

1528,32 

-64.253 

40.5735 

1*69.63 

0.557 

-.00000 

677.769 

«02.93* 

.*7863 

♦7.210 9 

1520.38 

•65.910 

40*5040 

1*67,75 

10.053 

••OOoOO 

7 0 8 *1 9 0 

Jo2*3l5 

.*0945 

*7.545* 

I529.ii 

•67,466 

40*59*4 

1*66.56 

13.1*7 

•ooooo 

738.663 

220*635 

,*99 S 9 

47,0665 

1530.43 

•00.932 

40.6029 

1*65,97 

15.450 

,00000 

769,073 

2**. 1*1 

,5o920 

40,1773 

1532,30 

-70,336 

* 0*6101 

1*65.97 

17.775 

.00000 

799,878 

954.993 

.51034 

48.4764 

1534.7 0 

-71.691 

*0.6160 

1*66,57 

2Q.136 

.ooooo 

831.152 

9 7j.i53 

.52700 

40.7089 

1537.65 

•73,006 





•• STAGE 

* PERFORMANCE *• 







STATOR 

ROTOR 








PRESSURE 

pressure 

stator 

ROTOR 

rotor 

stage 

STREAMLINE 

STaTCR 

RoTQR 

LOSS 

LOSS 

bLadE ROM 

BLADE ROM 

iSentropic 

JSenTROPIC 

number 

reaction 

reaction 

coefficient coefficient EFFI c IeNcV 

EFFICIENT 

efficiency 

efficiency 

1 

.*32*7 

. 5 TS 01 

.121*0 

.13*6! 

.90265 

.89452 

,93*07 

,06705 

2 

.**369 

♦*9737 

.11791 

.11369 

.9043] 

.91011 

.94107 

,00065 

3 

.♦SlTi 

,*43q7 

.11*36 

.10293 

.*>0621 

,91692 

,9**66 

.89033 

4 

,*5695 

.40718 

.11001 

.09835 

.90R27 

.92204 

,9*5*9 

,09637 

5 

,*59H9 

.38609 

.10720 

*09745 

.910*3 

.92386 

.9*4*8 

,09999 

6 

.*0001 

.37700 

.10377 

•099ia 

.91208 

.92256 

.9*103 

.901*0 

7 

.45966 

- .9773* 

.1002* 

.10306 

•91503 

.91918 

.937*9 

,9ftoi9 

8 

,45716 

•J04B4 

.09667 

.10913 

.91749 

.91372 

.93125 

.09011 

9 

.*5273 

.3975* 

.09301 

.11762 

.92007 

.90000 

,92203 

.09260 


* HASS-AVERAGED QUANTITIES • 
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STATOR BUDE-ROW EFFICIENCY m .91071 

ROTOR 6UADE-RCW EFFICIENCY • .9164* 


STAGE WORk * 
STAGE TOTAL EFFICIENCY « 
STAGE STATIC EFFICIENCY • 
STAGE BLADE- TO JET-SPEEO RATIO • 


24.19* ^ BTU PER LBK 
* 693*9 
•81 14S 
•5770] 


•* STaTOR FXJT - ROTOR JNLtT 5 •• 


STReaKlINE 

PaOIaL 

M A SS-FLOW 

meridional 

A*IaL 

WHIRL 

ABSOLUTE 

ABSOLUTE 

Hack 

AB50LUTE 

tot*l 

absolute 

TOTaL 

ABSOLUTE 

FLOW 


position 

Fl'NCTtOr* 

velocity 

velocity 

velocity 

velocity 

NUHq£R 

pressure 

temperature 

angle 


, < In > 

ILB^SEC* 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(DEG R) 

(DEG) 

i 

J* .*6q<j 

0*00900 

35Z.01S 

3*1. 8*0 

983,37b 

1025,673 

,56662 

40.9739 

1*94.37 

69,93* 

2 

1**4599 

J* , 687*6 

352*015 

351*001 

9q3.«05 

969,93** 

•53532 

41.0S0* 

1488,68 

68,776 

3 

)6,J0*6 

29.37495 

352,015 

3*9, ai9 

854,142 

923,836 

,5 0 949 

*1.0939 

l* 8 4,25 

67.751 

„ ♦ 

J 7 *2Sl<i 

♦*•0*2*2 

352.qi5 

3*7,278 

811,473 

004,536 

,*8749 

41.113 7 

i*8o*0i 

66.031 

5 

1*-0 7 3C 

5B,7*99q 

352*015 

3*4.664 

77 **00ft 

«5 0 «2 8g 

.46831 

4 1 , 1 1 7 0 

1*70, i4 

65,996 

6 

jh # «b7« 

73. *3737 

352,015 

3*1,840 

7*0,Si9 

019,920 

.45129 

4 1 , 100 1 

1416.2* 

65,234 

7 

l 9 .*120 

80.12*05 

352,015 ' 

330,250 

7 IO,1 0 I 

*92,636 

,43596 

♦l,0 9 0l 

1*74,92 

64,532 

8 

20.3*1* 

102.«I2J2 

352,oi5 

334,528 

602.37a 

767,«2! 

.42199 

41*0*49 

1*7* ; 19 

63,004 

9 

21.0S0B 

U7 # 4998o 

352,015 

330,*99 

656,63i 

**5,o36 

,40912 

♦1,0338 

1*74,05 

63,283 


streamline 

STaHc 

. ST * Tl s . 

streamline 

SLOPE 

streamline 

blade 

relative 

Relative 

«ach 

Relative 

total 

Relative 

total 

Relative 

FLOW 

NUroeR 

pressure 

temper* TUR e 

ANGLE 

curvature 

Velocity 

velocity 

number 

pressure 

TEKPEBaTURe 

ANGLE 


(PSD 

(DEO R» 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(DEG R) 

<OEG) 

1 

33.1092 

1415.09 

1.520 

0,00000 

506,266 

*15,874 

,28*99 

35,0*40 

1435.14 

*6,901 

2 

33*9943 

1417,78 

4.351 

0,00000 

626.605 

♦*7,p 3 3 

,24722 

35.*l73 

1*32. 9 0 

38,200 

3 

34.0266 

l*l 9 .9j 

6.962 

0,00000 

564.297 

399,945 

,22057 

35,7767 

1*31.90 

20,5)6 

4 

35.1301 

1*21.05 

9.411 

0*00000 

699.450 

369.4io 

.20359 

36,130 7 

1432.13 

17,078 

5 

35.5612 

1*?3.70 

11,730 

0,00000 

732,753 

354,423 

,19520 

36,4039 

1*33.17 

6,024 

6 

35 ,9 l 74 

1*25,50 

13.945 

0,00000 

764,562 

352,835 

,19420 

36,0397 

1434.96 

-4,026 

T 

36,221* 

1*27.57 

16.076 

0,00000 

795.147 

362,12* 

.19917 

37,2002 

1437,45 

-16.101 

8 

36. *«38 

1*29,76 

10.135 

0,00000 

824.720 

379,706 

.20068 

37.5672 

14*0,62 

•23,050 

9 

36-7125 

1*32.21 

20.136 

0*00000 

853.*5i 

*03.302 

.221*6 

37,9420 

1444.47 

<,30.775 






• • 

stage e*it s •* 





streamline 

kuwbfR 

radial 

position 

(IN) 

NaSS-FLOV 

function 

(LBM/SECI 

meridional 

velocity 

(FPS) 

A*tAL 

VELOCITY 

(FPS) 

WHIRL ABSOLUTE 

velocity velocity 

(FPS) (FPS) 

absolute 

MACH 

number 

ABSOLUTE 

total 

pressure 

(PSD 

absolute 

total 

TEMPERATURE 
(deg R) 

ABSOLUTE 

FLOW 

ANGLE 

(OEG) 

l 

I-.&O00 

0.00000 

*20.092 

*19,9*2 

-21. 011 *26.64? 

.23374 

31,8997 

1406. 5fl 

-2.932 
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2 

' J t>#4 153 

1*, 66782 

*04.837 

403.606 

-4*,16fj 

*O7.?30 

,22686 

31.8328 

1390,70 

-6,240 

3 

1 6 * 3ij90 

29,37564 

389.929 

307.596 

-56.075 

393,-5*0 

,21985 

31.7680 

1392.95 

-8. 232 

4 

1*.I90B 

^♦,06345 

375.2*6 

371.0*6 

-60. *60 

380.085 

♦2123« 

31.7016 

1308,6* 

-9,255 

S 

1*.q6*5 

58.75127 

360,603 

354.212 

.60,486 

365,72 n 

.20*53 

31.634* 

13B5.50 

-9 ,69q 

6 

liJ,9367 

73*43909 

346.1*6 

337 t0 62 

.57,630 

350.912 

.19635 

. 31.5669 

1303.31 

.9.70* 

7 

I*. *12* 

PH, 12691 

331.5*4 

319.559 

-52,468 

335.670 

.18785 

31, 499b 

1301.99 

t -9,32* 

8 

20,6966 

102,81*73 

316.701 

301.661 

-*5.115 

319.970 

.17905 

31.4325 

1301.54 

-0,506 

9 

2 1 ♦*’000 

1I7,5o255 

301,758 

283,314 

.35.506 

3q3 ,8*0 

,1699* 

31,3663 

1301,99 

-7,1*3 





STREAMLINE 




RELATIVE 

RELATIVE 

RELATIVE 

relative 

STREAMLINE 

static 

static 

Slope 

STREAMLINE 

BLAUE 

relative 

macn 

total 

total 

flow 

number 

PRESSURE 

temperature 

ANGLE 

CUrv a ture 

Velocity 

velocity 

NUHseR 

pressure 

?EMPERaTURe 

ANGLE 


{PSD 

IDEG R> 

(0EG1 

tPE» IN! 

(FPS) 

{rPS> 


(PSD 

(OEG R) 

(DEO) 

1 

30,7*65 

1393,02* 

1,528 

,00000 

587,808 

7*0,18* 

.41130 

34,4205 

1434,78 

-55,429 

2 

30.7*74 

1386,1* 

3,927 

oOOOOO 

624,998 

702, o9 0 

,*3567 

34.89H 

1432.76 

.50,806 

3 

3u.'*93 

1381.12 

fi .27l 

•OOOOQ 

661 ,26* 

8j6 .*67 

.45565 

35.3020 

1431,93 

-*l,6l7 

4 

30,7516 

1377,63 

8.500 

.00000 

696,90 2 

8*5.290 

,47 2 33 

35,6631 

1*32,10 

-63,9 0 i 

5 

30.75*0 

1375,31, , 

10,87 0 

,00000 

732,*o7 

871.075 

,407i5 

35,9973 

1*33,14 

.651920 

6 

30.7562 

1373,93 

13.156 

.00000 

767 ,77[) 

895.051 

.50001 

36,3J66 

1434.99 

-67,707 

7 

3O,750|) 

1373. *o 

15.452 

.00000 

003.293 

^ 1 7 » 7A 1 

,5i36 0 

36,6253 

1*37, 6g 

•69,5 2 3 

6 

30«7S9* 

1373,73 

17.77* 

• 00000 

839,205 

*39.3*6 

.52563 

36.92*0 

14*0.99 

- 7 i,i64 

9 

30» 7 6q3 

1374,95 

20.135 

• OOOOQ 

075, 75^ 

959 o 9 20 

,5369 0 

37.2115 

. 14*5,19 

-7t.* 2 9 


stage $ PERFORMANCE ** 


STREAMLINE 

ST A Tofl 

ROTOR 

STATOR 

PRESSURE 

LOSS 

rotor 

PRESSURE 

LOSS 

stator 

B L A DE ROM 

rotor 
BLaDE ROM 

RqToR 

ISENTROPIC 

stage 

ISenTRoPjc 

number 

Reaction 

reaction 

coefficient coefficient effi c Ien c t 

EFFICIENT 

efficXenct 

efficient 

1 

•40848 

,69e9T 

•12573 

•166*7 

.90l9 1 

.8759* 

•932*1 

.05*60 

2 

.42155 

.57274 

.120*5 

.12345 

.90*1* 

,90332 

.94325 

.07505 

3 

.43029 

.48905 

.11594 

,10260 

,90653 

,91934 

,9*960 

,00931 

4 

,435*0 

.43702 

.11137 

,09*33 

,9q91 0 

,92645 

.95165 

.69013 

5 

,43756 

,40680 

.10693 

.09209 

.91175 

.92BS1 

,95009 

.90323 

6 

,43720 

.39421 

,10256 

,09359 

.91450 

,92725 

.9*799 

,9 0 546 

7 

,43445 

.39*50 

•09R21 

,09000 

.91737 

.92318 

.94292 

.9o*96 

8 

,42939 

.40*22 

.09381 

.10521 

.92039 

,91638 

.93542 

.90160 

9 

•*22o7 

.4201* 

,00932 

.11557 

.92356 

.9 0 67 0 

.92502 

,09*99 


• HASS-AVERAGED QUANTITIES • 


STATOR BlAOF-RO* EFFICIENCY a ,91207 

ROTOR BIAOE-ROW EFFICIENCY c *91697 


stage WORK * 

stage TOTAL EFFICIENCY * 
STAGE STATIC EFFICIENCY * 

STAGE blade- to jet-speed RATIO • 


24 ■ 19* BTU PER LBH 

,89406 

,61*19 

,59873 



••• spool performance summary i*ass-ave«ageo guanTitiesj ••• 



STaTOR 

ROTOR 

stage 

BLADE-ROW 

BLAOE-HOW 

NUMBER 

EFFICIENCY 

EFFICIENCY 

l 

*92491 

.89574 

2 

*91236 

*90355 

3 

,91079 

.91092 

4 

*91071 

*91644 

5 

*91207 

.91697 



stage 

STAGE 

STAGE 

ToTaL 

STATIC 

WORK 

(RTU/LBM) 

efficiency 

EFFICIENCY 

26*194 

.87621 

*76113 

24*193 

*80206 

.79076 

26.194 

,88872 

.60592 

26.194 

,89349 

*»U6S 

24,194 

,09406 

.81419 


SPOOL WORk • 120*968 BtU PeR LB* 

SPOOL POWER s 20 IJO. is Hp 
SPOOL TOTAL- To ToTAL-PRESSURf RATIO « 3*46683 

SPOOL TOTAL- To STATIC-PRESSURE RATIO - 3.S6flO* 

SPOOL TOTAL EFFICIENCY a #901)85 

SPOOL STATIC EFFICIENCY ■ *80380 

SPOOL BLADE- TO JET-SPEED RATIO * *25980 


STAGE 

blade- to 

JET-SPEED 

ratio 


*50002 

*52949 

.55*71 

.57701 

,59073 
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M PROGRAM T02 - AERODYNAMIC CALCULATIONS FoR T M E DESIGN OF A*lAL TURBINES 


OPTIMISED FOUR STAGE VERSION OF NASA U> SPOOL AT ORIGINAL TIP DIAMETER 


GENERAL input data 


NUMBER OF SPOOLS * 1 

NUMBER OF SETS OF ANALYSIS VARIABLES « 1 

NUMBER OF STREAMLINES ■ 9 


Gas constant 

INLET HASS FLOW 


53.35000 LBF FT/LBM DEG R 

JlT.50000 lbh/sec 


• tabular inlet specifications « 


RADIAL 

total 

COORDINATE 

temperature 

(IN) 

lOEf, R> 

14,1000 

1837.96 

14,4048 

1037,96 

14,6865 

1837,96 

14,9511 

1837,96 

15,2020 

1637.96 

15.4410 

1837,96 

15.6697 

1837,96 

15,8891 

1837,96 

16.1000 

1837,96 


ThTAl 

absolute 

pressure 

FLOW ANGLE 

<PSI} 

<OEGi 

lofl.2256 

3.213 

100,7913 

4*376 

ln9,229J 

5.153 

109,5756 

5.692 

I09,86i9 

6.036 

110,1073 

6.260 

110.3232 

6.302 

110,5164 

6*421 

110.0912 

6.392 



«*• Spool input data 


•* DESIGN REQUIREMENTS 


ROTATIVE SPEED « * 646*0 RPM 

power output « 20110*00 hp 


A* ANALYSIS VARIABLES •* 
NUMBER of STAGES ■ A 


* power-output split * 


FRACTION of 

STAGE NUMBER SPOOL power output 

1 ' 26*00 

2 . ' 25*00 

3 , 2**00 

* ■ * 23*00 


• SPECIFTc-HEaT SPECIFICATION • 


DESIGN STATION NUMBER 


1 

2 

3 

4 

5 

6 
7 
a 
9 


SPECIFIC HEAT 
(BTU/LUH DEG R> 

*27500 

♦*7500 

*27200 

*27200 

*26900 

*26900 

*26600 

*26600 

*26200 


* ANNULUS SPECIFICATION 4 


STATION NUMBER Axial POSITION M„B radius 

f in> UN) 


CASING radius 
UN) 
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7*b00n 

14.0750 

15.8500 

9,0000 

14,1 V00 

16,1000 

1 0 ♦ 7 0 0 f| 

1 4, 1&00 

16.7075 

12,*000 

14.21)00 

17.4750 

U,1000 

14. 2^00 

16.1625 

15.6000 

14.3^00 

IB, 8500 

I7.S000 

1*.3*00 

19,5375 

19,2000 

14.4000 

20,2250 

H0,900o 

|***Soo 

20,9125 

22,6000 

14.5000 

21,6000 

24.3000 

1*. SbQO 

22,2075 


• HLADE-fiO* EXIT CONDITIONS « 


STATOR 1 


RADIAL 

POSITION 

(IN) 

15,5000 


MERIDIONAL 

VELOCITY 

gradient 

(PER SEC) 
0*00 


WHIRL VELOCITY AT the mean STqEAH L I N E - 1031,0000 FEET PEft SEC 


ROTOR 1 

RADIAL 

POSITION 

(IN) 

MERIDIONAL 

VELOCITY 

QRAOIENT 

<per secj 


15.5000 

-200.00 

STATOR 2 

RADIAL 

POSITION 

(IN) 

MERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC) 


16.0000 

0,00 


WHIRL VELOCITY AT THE He AN STreAHlInE • 92**0000 FEET PER SEC 


ROTOR 2 


meridional 


RADIAL 

VELOCITY 


POSITION 

gradient 


(IN) 

(PER SEC) 


16.0000 

-200.00 


STATOR 3 


MFRInlONAT 
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RADIAL 

POSITION 

UN) 

16.5000 


VELOCITY 

gradient 

fPER SEC) 

0.00 


rfhlRL VELOCITY AT THE MEAN STpEA« u InE « 627*0000 FEEy PER SEC 


ROTOR 3 


radial 

POSITION 

UN) 

16*5000 


»E«lDlONAL 
VELOCITY 
GRAOIENT 
(PER SEC) 

“ 200.00 


STATOR A 


RADIAL 

POSITION 

(IN) 

17*0000 


MERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC) 

0*00 


KhtRL VELOCITY AT THE ke'an STrEAMlInE ■ 662*0000 FEET PER SEC 


RqTOR * 


RADIAL 

POSITION 

-tIN) 

17*0000 


MERIDIONAL 

VELOCITY 

gradient 

(PER SEC) 
♦* 200*00 


♦ BASIC INTERNAL LOSS CORRELATION • 

TANUNLET ANGLE) ♦ TAN(EXIT ANGLE) I *03000000 * ,15725500 • IV RATIO)** 3*60) IF <V RATIO) *LT* *60000000 

V • : *T1KES* 

.60000000 ♦ *60000000 * COSlEAlT ANGLE) I *q550oOOO * *15q00000 *HV RATIO)- »600> > IF IV RATIO) *0E« *60000000 


THE PRESSURE-LOSS COEFFICIENT COMPUTED IN THIS MANNER MAY NOT EXCEED A LIMIT OF 2*00000000 
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OUTPUT OF SPOOL OESjGN ANALYSIS •** 


*• STATOR INLET 1 ** 









absolute 

absolute 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

RAOUL 

M fl SS-FLO« 

«E«I010N A L 

A Xj ftL. 

WHIRL 

absolute 

mach 

tot a l 

total 

FLOW 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

Velocity 

velocity 

NUMBER 

PRESSURE 

Temperature 

angle 


UN) 

(LRH/SLC) 

< FPS ) 

(FPS) 

{FPS 1 

(FPS) 


tpsn 

(DEO R> 

COEO) 

1 

i*.iooo 

0.00000 

4Bo«667 

400.539 

26. 7*i 

*01.413 

.23592 

100.2191 

1837,96 

3.213 

a 

2 * »4q60 

l*,6B7p4 

Si5,534 

5i*,S38 

39,219 

5 I 7 .o23 

.20355 

108.7074 

1037,96 

4.302 

3 

14.6090 

2 9 <j745l 

544*243 

54i,f>i0 

48.035 

546.43(j 

.26014 

109,22«9 

1037,96 

5.1 6 1 

5.609 

4 

l4.9 b Si 

44,06100 

569,630 

564,667 

56.2J5 

b7 2 .397 

.20104 

109.5707 

1037,96 

5 

l5.2060 

S8.749U 

593,577 

583,602 

61,969 

096,803 

.29319 

109.6662 

1837,96 

6 . 0*1 

6 

15,4446 

73,43642 

6|7,2 U 9 

60 S ,566 

66,473 

6 2o ,779 

.30515 

110 . Ill® 

1037,96 

6,263 

7 

15,6*25 

«*. 12374 

64i.no 

665,507 

625,140 

69,963 

644.916 

•3l7 Z i 

110.3272 

1037,96 

6.303 

8 

j5*89q7 

I 02 * a ll 0 ® 

644.650 

73.589 ' 

669.533 

.32953 

llO« 5 l 9 *j 

1037,96 

6.421 

9 

1 6 «1000 

Hi, 49039 

09 o# 8oO 

664,252 

74 # 45i 

69a,8oi 

•34221 

110.5928 

1037.96 

6*392 


STREAMLINE 

STATIC 

static 

STREAMLINE 

slope 

STREAMLINE 

number 

PRESSURE 

TEMPERATURE 

angle 

CURVATURE 


tRsn 

(DEG 

10 LG) 

(PER IN) 

1 

l0«.29B6 

1021.13 

1.320 

*00049 

2 

10*. 2513 

1010.55 

3*562 

.07080 

3 

10*«15U 

1016,20 

5.630 

. 0*754 

4 

103.9906 

1014.17 

7,569 

« 06511 

5 

103.7945 

1812.09 

9,402 • 

.08172 

6 

103. 5392 

1809,97 

11,147 

.09752 

7 

103.2326 

10o7,76 

12*012 

•11261 

0 

102.8744 

1005,41 

14,406 

•12706 

9 

102.4639 

1002.90 

15,936 

.14092 






<** stator 

EKIT - ROTOR 

inlet 1 

' 











absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

radial 

NaSS-FLOW 

meridional 

axial 

whirl 

ABSOLUTE 

HACH 

TOTAL 

total 

FLOW 

NUMBER 

PCSlTiON 

FUNCTION 

velocity 

velocity 

velocity 

velocity 

NUMBER 

pressure 

temperature 

anole 


(IN) 

(LBM/SEO 

(FPS) 

(FPSI 

(FPS) 

(FPS) 


(PSI) 

(OCO R) 

IOEG) 

1 

1*. 1500 

0*00000 

503.997 

503.7T9 

lo’o.iu 

1200.984 

.60329 

1O6,4 O 09 

1037.96 

65.197 

2 

14.SOS0 

14.60737 

503.997 

502,496 

1077.005 

1109.097 

.59 6 96 

106.4429 

1837.96 

64.900 

3 

14.8500 

29,37474 

503,997 

500.152 

l062,5n 

1175.986 

.59000 

107.3528 

1837.96 

64.79? 
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4 

1^.1866 

4**06212 

601,997 

496.626 

1047.034 

1162,021 

.58259 

107,6633 

1037.96 

64,615 

5 

15*5162 

5S. 7*9*9 

603.997 

492. *B! 

1031,000 

1147,595 

,57496 

107,0986 

1837,96 

64,463 

6 

13.0401 

73*43686 

603.997 

487.467 

1014.633 

1132,913 

.56721 

108.0744 

1637.96 

64.339 

7 

1**159* 

B«. 12423 

503,997 

481.521 

S97.99 2 

1 1 10.034 

♦S593T 

100.1993 

1037. 9 0 

64,243 

8 

19,4747 

1 02* 8 1 16 l 

503.997 

474,771 

981,125 

J103.005 

.55147 

108,28o3 

1837.96 

64,177 

9 

16*7875 

1 1 7 , 49896 

503,997 

467.235 

964,179 

1007,959 

,54357 

100.3275 

1037,96 

64,145 





streamline 




Relative 

relative 

relative 

Relative 

streakline 

STATIC 

static 

slope 

STREAMLINE 

BLADE 

RELATIVE 

MACH 

total 

total 

flow 

number 

PPLSSURe 

TemPeR a TUHe 

ANGLE 

CURV a 7URE 

' velocity 

VELOCITv 

number 

pressure 

Temperature 

angle 


tpsn. 

toEC «l 

(QtG) 

|P£ft IN) 

tFPS) 

(FPS) 


IPSI) 

(OEG R) 

(deg) 

1 

e*,0927 

1733.21 

1,685 

.00000 

573,697 

721.595 

.36248 

91.6971 

1771,03 

45 .T 10 

2 

e«.*i9Q 

1735.28 

4.422 

•OOOOD 

588.091 

702.175 

.35251 

92.1680 

1771.00 

* 4 . 21 s 

3 

05.6691 

1737,53 

7,002 

•OOOQO 

602.079 

602.650 

,34249 

92.5825 

1771.37 

42,632 

4 

86,4002 

1739, 9 0 

9,677 

*00000 

615.726 

663.355 

.33250 

92.9523 

177!. 86 

40.962 

s 

87,0012 

1742.32 

12.210 

•00000 

629,009 

644,628 

.32297 

93.29o7 

177 2 .5o 

39,212 

6 

07.7124 

1744,75 

14.7J5 

♦ ooooo 

642.219 

626,661 

.31375 

93.6062 

1773,27 

37.379 

7 

80.3057 

1747.10 

17,175 

,00000 

655«160 

609,546 

.30496 

93,9044 

1774.J7 

35*450 

8 

88,0647 

1749,61 

19,608 

,00000 

667 .95? 

593,37a 

,29667 

94.1897 

1775,10 

33,410 

9 

09,3924 

1752,00 

22.019 

•00000 

600*532 

570,283 

.20093 

94,4674 

1776,29 

31*252 





•* 

STAGE exit 1 

i «• 













ABSOLUTE 

AbSOLUTE 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

Raoul 

MaSS-FIOW 

MERIoIONaL 

A*UL 

WHIRL 

absolute 

mach 

total 

total 

FLOW 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

Velocity 

velocity 

number 

pressure 

TEMPERATURE 

ANGLE 


1 In) 

(L8K/SEC> 

CFPS) 

(FPS) 

(fpsj 

(FPS) 


(psn 

(QEQ R) 

(OEG) 

1 

l*.2O00 

0*00000 

*64,7 16 

464 .515 

-24 0 ,436 

5 23.23l 

,264e7 

0 O«6 q21 

1728,17 

-27,366 

2 

14.6169 

14,60773 

457,760 

456,495 

“244,669 

519,051 

.26233 

00.5945 

1725.65 

-28.190 

3 

. 15.0209 

29.37547 

4So.9oO 

447.699 

-246.025 

5 1 4 , 0 36 

,25993 

00.5740 

1723.51 

-20,069 

4 

15*4276 

44,06320 

*44 .q89 

430,166 

-247,300 

500.304 

.25714 

00,5423 

1721,68 

-29,440 

5 

13.34*2 

50.75Q94 

437,313 

427.926 

-;46,466 

501.905 

.25*02 

8 0. 5 012 

1720.12 

-29,94q 

6 

16. 2 499 

73*43067 

430.551 

*1 7.00 1 

“244. 57o 

495,165 

.25064 

00.4522 

1710.77 

“SO.S’j 

7 

16.6561 

08.12641 

423.701 

4Q5.405 

-241.730 

487.001 

,24699 

00.3960 

1717,62 

-30,007 

0 

1 7.0640 

102* e l4l4 

416.902 

393.! 44 

“237.9S* 

4fl(). 100 

.2430® 

0O.332 5 

1716. 6S 

-31,166 

9 

1 7.WSO 

l 1 7 .S 0188 

410*133 

300,217 

“233,120 

471.756 

.23087 

00.2610 

1715.87 

“31.513 





streamline 




RELATIVE 

relative 

relative 

RELATIVE 

STREAMLINE 

STATIC 

STATIC 

slope 

STREAMLINE 

BLADE 

relative 

MACH 

total 

total 

FLOW 

NUMBER 

PRESSURE 

Temperature 

AN'GLE 

CURV a TURE 

Velocity 

VtLOClTY 

number 

PRESSURE 

temperature 

ANGLE 


(PSD 

(OEG R) 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(OEG R) 

(DEG) 

1 

76.9463 

1700.07 

1.685 

0.00000 

575.725 

*39.19! 

,47437 

69.1000 

1772.04 

-60,354 

2 

76,99u 

1705.07 

4.273 

,00000 

592.627 

’54,262 

.*8229 

89,6772 

1772.73 

-61,401 

3 

77,0353 

l704.ll 

6.032 

• ooooo 

609,333 

’67.635 

.40930 

9o,l226 

1772,05 

“62.394 

4 

7/. 0785 

1702.71 

9.369 

•00000 

625,902 

979,641 

.49550 

90,5317 

1773,18 

•63,353 

5 

77.1204 

1701,62 

ll.«93 

.00000 

642,305 

990.606 

.50129 

’0.9122 

1773.67 

-64,292 

6 

77.1607 

1700.77 

14.413 

• ooooo 

658.836 

1000.759 

,50655 

91,2696 

1774.30 

-65.223 

r 

77.1993 

1700.14 

16.935 

• ooooo 

675.3Q6 

1010.228 

•5U44 

9 l ,6{|67 

1775.07 

•66,l5i 

S 

7/. 2362 

1*99,71 

19.467 

• rionoo 

A 9) .044 

1019.AI9 

.51S9S 

9i .9*?9 

1 77*4.97 

-AT.nftn 
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77.2712 1699.53 22.019 


a 000 0 0 700.506 1027^068 


• 5200 ^ 92*2150 1776^96 


v * »r*w 
■ 60,011 


«• STAGE 1 PERFORMANCE •© 


STREAMLINE 

STftTflR 

ROTOR 

MJHriER 

Reaction 

Reaction 

1 

.40005 

.7683? 

2 

.43480 

.73583 

3 

.46466 

•70540 

4 

.49259 

.67714 

5 

•52005 

•65074 

6 

.54795 

.62619 

7 

.57603 

.6033? 

a 

•60701 

•50230 

7 

•63863 

•56304 


STATOR 

rotor 


PRESSURE 

pressure 

stator 

loss 

loss 

blade Row 

coefficient 

COEFFICIENT EFFICIENCY 

• 09r>77 

•22422 

.93507 

.08336 

•21526 

.93293 

.08640 

.20669 

.93061 

.09005 

.19864 

.92779 

.09452 

.19127 

• 92431 

•10007 

.10463 

•92000 

•10696 

•17076 

•9147 2 

•11547 

•17402 

•9oB4a 

•12504 

* 1 7 100 

•90134 


ROTOR 

ROTOR 

stage 

BLADE ROW 

1SENTROPIC 

isentropic 

EFFICIENCY 

efficiency 

efficiency 

.83048 

.88009 

.039oo 

.03829 

.89267 

.04356 

.04602 

.09725 

.84798 

.05337 

.90160 

.85182 

.86019 

.90563 

.05492 

.06646 

.90931 

.05716 

•87213 

.91260 

*85850 

.87699 

•91535 

•05879 

.60062 

.91720 

.65794 


« HaSS-AVERaGEO QUANTITIES • 


STATOR BlADE-RQ* EFFICIENCY o ©92213 

ROTOR 0LADE-ROW EFFICIENCY s .05862 


STAGE work b 
STAGE TOTAL EFFICIENCY • 
stage static efficiency ■ 
STAGE BLADE- TO JET-SPEEo RATIO « 


32.056 BiU PER LBM 

.85272 

•75354 

•43533 


** STATOR ERIT - ROToR INLET 2 •* 


streamline 

RaoIaL 

M A 5S-FL0W 

Meridional 

A*UL 

WHIRL 

absolute 

velocity 

absolute 

hach 

ABSOLUTE 

TOT*L 

ABSOLUTE 

total 

ABSOLUTE 

FLOW 

NUMBER 

POSlTjON 

function 

velocity 

velocity 

Velocity 

number 

PR e S5UR£ 

Temp e r a tur e 

angle 

1 

(INS 

14.2500 

lLS>M/SEc> 

0.00000 

(FPSI 

404.481 

(FPSS 

4Q4.306 

(FPSS 

10*B«*04 

' (FPSS 
1123.72* 

,58003 

(PSI) 

78.4397 

(DEG R) 
1728.16 

tOEG) 

60.911 

2 

14.7963 

14.68734 

404.401 

403.215 

1012.820 

1090.608 

.562*5 

70,56o7 

1725,66 

08.292 

3 

15.3210 

29.37460 

404.481 

401.237 

48{),66 A 

1060.605 

.54665 

78,6523 

1723.51 

67.7*8 

4 

15.0203 

44,06202 

404.481 

396.473 

951,22* 

1033,649 

• .53228 

78,7197 

1721,69 

67.271 

5 

l6.3i?b 

50.74936 

40**481 

394,999 

924.000 

1008.653 

.5l9 0 6 

78.7674 

1720.12 

66.054 

6 

16.7934 

73*4367o 

*04.401 

390.874 

898.605 

985.442 

.50680 

70.7987 

2710.77 

66.492 

7 

17.2503 

00.12*03 

*04.401 

366,141 

874,729 

’63.720 

.4953* 

78.8158 

1717,62 

66,101 

8 

l7.?i4i 

I02.8il37 

4 0 4,4Bl 

38(5.034 

852*113 

’*3.2*0 

.48*53 

78,8203 

l?l6.65 

65,9]9 

9 

10.1625 

117,49871 

404.481 

374.976 

830.53* 

’23. ”2 

• 47*2? 

78.0131 

1715,68 

63.701 



100 





STREAMLINE 


, 


RELATIVE 

relative 

relative 

relative 

STREAMLINE 

static 

static 

SLOPE 

STREAMLINE 

BLADE 

RELATIVE 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

PRESSURE 

Temperature 

ANGLE 

CURVATURE 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

Temperature 

angle 


ihsu 

<DEG R) 

IOEO) 

<PE« IN) 

CFPS) 

CFPS) 


CPSI) 

tDEG R) 

(DEG) 

1 

*3,OZ70 

1635.47 

1 .685 

-.00000 

577.752 

620,579 

.32033 

67,4624 

1663,74 

49,336 

2 

63.93 

1636.33 

4.534 

•*00000 

599,983 

577.967 

,Z9B 0 7 

67,815* 

1662,06 

45,676 

3 

64.72*3 

1640.89 

7.261 

-.00000 

621 *256 

*41.1)9! 

.27883 

68,15*2 

1662,39 

41,852 

A 

6b .*232 

1643.24 

9.080 

-.00000 

6*1.742 

*09.297 

.2^226 

68 .*835 

1662.28 

37,035 

5 

66.044* 

1645.42 

12,430 

-.00000 

661.577 

402.152 

*24812 

60,8067 

1662.49 

33,599 

6 

66 « b q6 ? 

1647.47 

14*903 

-*00000 

680*872 

*59.361 

*23624 

69, 1267 

1662,96 

29,120 

7 

67.U40 

1649.43 

17,319 

-•00000 

699, 7i9 

44Q.719 

•22652 

69.4458 

1663,69 

24t3Bi 

e 

67*5760 

1651.33 

19.6BB 

-•OOOOO 

7l8,j99 

426*072 

.21087 

69.7660 

1664,66 

19,373 

9 

67.9989 

1653.22 

22.019 

-.00000 

736 .38 o' 

415,295 

,21321 

70,0890 

1665,88 

14,0*33 





«* 

STAGE EXIT 2 

«* 













absolute 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

RauIal 

m*ss-flov 

meridional 

aX1 A L 

whirl 

absolute 

MACH 

TOTAL 

total 

FLOW 

NUhue r ‘ 

position 

FUNCTION 

velocity 

velocity 

velocity 

velocity 

NUMBER 

PR E 5SURE 

TEMPERATURE 

angle 


(IN) 

(LBM/SEC* 

CFPS) 

IFPSJ 

CFPS) 

CFPS) 


(PSD 

(DEG R) 

<OEG) 

1 

1*. 3000 

0*00000 

422,984 

422, BOl 

•247.17* 

♦89,900 

.25510 

5B.772B 

1610,85 

-30*311 

2 

14,H0|7 

14,68774 

413*209 

412*134 

•350,973 

♦03*52* 

*25 2 07 

58,7659 

1614,63 

-31*3*0 

3 

1 S »-* 5 <*6 

29,j75*B 

♦03,740 

*00,663 

-251.749 

*75,790 

,2*320 

50,7432 

1611,0* 

-32,130 

* 

14.021b 

44,06321 

394.292 

3B9 022 

.249,594 

*66.65i 

.2*369 

58 7 0 38 

1608,03 

-32,68* 

S 

16.5849 

58*7Sq9S 

30*,9q2 

376.636 

•2*5,o7fl 

*56.304 

•23042 

59 ,65q3 

1605.52 

-33.052 

6 

l 7 *l* 7 l 

73-43069 

375,532 

363,720 

“230*909 

445*007 

,23266 

58.586S 

1603*43 

-33*299 

7 

l 7 * '105 

0M. 12643 

366*143 

350,201 

-231*466 

433-17J 

• 2265o 

58.51*0 

1601* 7 1 

-33,457 

8 

1*«2773 

102-01*16 

356.696 

336,320 

-222,959 

*20,645 

.21999 

50.4367 

1600.33 

-33*5*2 

9 

10.8500 

Il7,5ol9o 

3*7,150 

321.029 

-213,470 

H7.533 

' .21315 

58,3530 

1599,29 

-33.556 





STREAMLINE 




Relative 

relative 

relative 

relative 

streamline 

static 

st a tic 

slope 

streamline 

BLAOE 

relative 

mach 

total 

TOTAL 

FLOW 

number 

PRESSURE 

temperature 

ANGLE 

curv a ture 

velocity 

velocity 

NUHbeR 

pressure 

Temperature 

ANGLE 


(PSD 

(DEO R) 

<OEGt 

<P£R IN) 

IFPS) 

CFPS) 


(PSD 

(DEG R) 

(DEO) 

1 

56.2751 

1601,03 

1.685 

.00000 

579,779 

?28,853 

.40367 

65,6388 

1665.08 

-62,920 

2 

56,3259 

1597,28 

4.204 

•00000 

603.363 

9*9,051 

,49*76 

66,1596 

1664,15 

-64,2*7 

3 

56,3751 

1594,23 

6.8*5 

•00000 

626,b9i 

966*689 

,50444 

66,6307 

1663.61 

-65.469 

4 

56.4219 

1591.06 

9.378 

.00000 

049.576 

901.821 

,51272 

67,0*77 

1663,43 

-66,604 

5 

56.4657 

1590.06 

11,096 

•00000 

672.417 

99**960 

.51987 

67,4186 

1663*56 

-67.682 

6 

56,5061 

1588,72 

14,409 

.00000 

695*211 

1006*780 

•52627 

67,7570 

1663.98 

-69.725 

7 

56,5433 

1507,78 

16.926 

.00000 

718.052 

1017.667 

.53212 

68,0708 

1664.67 

-69,751 

8 

56.5771 

1507,20 

19.439 

*00000 

741*034 

1027.868 

.53755 

68,3652 

1665,63 

-70,767 

9 

56,6076 

1506,96 

22,019 

•00000 

764.234 

1037,525 

.54264 

68.6429 

1666,98 

•71.780 


*• ST«0£ t PERFORMANCE •• 
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STflEAMLlNt 

NUMBER 


1 

2 

3 

4 

5 

6 
7 
a 
9 


STATOR 

ROTOR 

stator 

PRESSURE 

LOSS 

ROTOR 

PRESSURE 

LOSS 

stator 
BLaOE Ro* 

ROTOR 
BLAOE ROW 

ROTOR 

ISENTROPIC 

stage 

ISENTROPIC 

Reaction 

Reaction 

coefficient 

COEFFICIENT EFFICIENCY 

EFFICIENCY 

efficiency 

efficiency 

•46562 

•66811 

.14027 

•21103 

♦69246 

.84204 

.89676 

.82235 

•47593 

.60899 

.13900 . 

♦10*16 

.89249 

.86045 

.90697 

.63626 

.48457 

.55974 

.13795 

*16362 

.89248 

.67515 

.91525 

.64769 

.49176 

.51673 

•13706 

.15077 

.89246 

.88580 

.92121 

.65700 

.49768 

.48459 

•13629 

.14266 

.09242 

,09293 

.92504 

,06379 

.50248 

•45627 

.13563 

.13806 

.89235 

.89748 

.92726 

.86880 

.50625 

•43307 

•13504 

.13614 

•8922ft 

.90000 

.92612 

♦87229 

,50899 

.41452 

.13449 

.13640 

,89222 

.900T9 

.92779 

,87446 

.510*7 

.40027 

.13389 

.1386(3 

.89223 

.90001 

.92630 

.87539 


• mass-averaged quantities • 

STATOR SlAOE-ROW EFFICIENCY 

a 

,89238 

ROTOR BLADE-Rorf EFFiCIEnCy 

a 

.86545 

STAGE work 

a 

30.847 Btu PER LB* 

STAGE TOTAL EFFICIENCY 

a 

.85868 

STAGE STATIC EFFICIENCY 

a 

.77121 

stage blade- t° je t - s peeo ratio 

a 

.47072 


«* STATOR EXIT - ROTciR INLET 3 *• 


STREAMLINE 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


RaDIaL 

m*ss-flo« 

mehjoional 

aMal 

whirl 

PCS i f ION 

FUNCTION 

velocity 

velocity 

Velocity 

f tN) 

ILHM/SECJ 

(FPS) 

(FPS) 

CFPS) 

1 * .JSou 

9.00000 

366.593 

366,435 

976.35* 

15*1049 

14.6B7J9 

366.593 

365.391 

931.8*1 

1&.6147 

29,37479 

366,593 

363 510 

892,996 


44,06210 

366.59J 

360,939 

858.37* 

17.1396 

50.74950 

366.593 

357,743 

*27.000 

1? • 7636 

73.43697 

366.593 

353,993 

798. 20 <) 

16.3696 

86.124J6 

366.593 

349,740 

771.512 

10.9600 

102*01176 

366.593 

345«ol8 

746.531 

1^*5375 

ll7.499 l5 

366.593 

33 9 *8S4 

722.956 



ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

absolute 

absolute 

Mach 

total 

total 

FLOW 

velocity 

NUMBER 

PRESSURE 

temperature 

ANGLE 

<FPS> 


(PSD 

<DEG RJ 

<0EG} 

10*2. 9q8 

•5540b 

57,2231 

1618,65 

69,428 

lO0i*3S9 

.53162 

57,3426 

1614.63 

68.989 

’65,315 

,51220 

57,4273 

1611,05 

67.650 

933.379 

.49502 

57.4842 

1608,03 

67,194 

^04.610 

.47954 

57.5107 

1605.52 

66,600 

0 78, 3 67 

.46542 

57,5355 

1*03.43 

66,083 

«54.l79 

.45240 

57,5380 

1601.71 

65.614 

031.685 

•4402® 

57.5287 

1600*34 

65.195 

a lO*5*0 

• 4289o 

57.$0 9 1 

1599,30 

64.022 


STREAMLINE 

number 


1 

2 

3 

4 


STREAMLINE 


static 

static 

SLOPE 

streamline 

BLADE 

PRESSURE 

TEMPERATURE 

ANGLE 

curvature 

velocity 

(PSI1 

iqeg ri 

(DEG) 

(PER IN) 

(FPS) 

46.0146 

1538.19 

' 1,685 

-.00000 

581.006 

47,6480 

1540.18 

4.640 

-.ooooo 

612.377 

48.342* 

15*1,67 

7.426 

-,00000 

641,189 

4^,9320 

1543,35 

10.076 

-.00000 

66B.597 



. relative 

RELATIVE 

RELATIVE 

RELATIVE 

relative 

MACH 

TOTAL 

total 

FLOW 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 

(FPS) 


(PSD 

(DEO R) 

(DEO) 

538,571 

,26612 

49,4394 

1559,63 

47,116 

486,259 

,25815 

49.81*5 

1557,7* 

41.163 

444,744 

,23599 

50.1742 

1556.55 

34,710 

412.802 

.21893 

50,52*8 

1556,00 

27.735 
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5 

*v,%399 

1S<.4.77 

12.616 

-.OOOQO 

694,867 

J89.679 

.20657 

50,6706 

1556*04 

20,272 

6 


1*40, IS 

15.065 

-.OOOQQ 

720.205 

374.800 

.19060 

51.2159 

1556,58 

12.427 

7 

50.2725 

1547*5$ 

17.441 

• UOODO 

744.77s 

367,567 

.19460 

51.S631 

1557.58 

4,372 

8 

50,0184 

1548,99 

19,755 

.00000 

768,712 

367,264 

.19442 

51.9146 

1559,00 

-3,678 

9 

SO ,92 76 

1550.52 

42.019 

,00000 

792,128 

373.062 

.19740 

52.2723 

1560.85 

-11.505 





** 

STAGE exit 3 

• 9 













ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

raoul 

MflSS-FLGrf 

meridional 

A*UL 

whirl 

absolute 

MACH 

TOTAL 

TOTAL 

FLOW 

number 

*>cSj T jon 

FUNcTlOV 

velocity 

VtLOciTr 

velocity 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 


1 INI 

ILHM/SECI 

(FPS) 

{FPSJ 

(FPS) 

(FPS) 


(PSI) 

(DEG RJ 

(DEG) 

1 

14.4000 

O.OQOQO 

419.400 

419.219 

-261*223 

49* » o99 

.26586 

42.7121 

1511,96 

-31*928 

2 

lb,14Bd 

14.68765 

406.921 

405,776 

-262,65ft 

46*029 

♦26i05 

*2.6984 

1506,07 

-32.915 

3 

15,6830 

29,37531 

394,884 

391,85? 

-259,34* 

472,266 

,25409 

42.6621 

1501,23 

-33,498 

4 

16,807% 

44,06296 

382,610 

377 # *02 

-252,731 

*50,544 

*24774 

42,6090 

1*97*30 

-33,803 

5 

1?.326% 

58,75061 

37o.6g7 

362,661 

-2*4,199 

*43.844 

.23997 

42.5454 

1494*10 

-33,95* 

6 

1** • 043d 

73,4382? 

358.670 

347,394 

-234,336 

*20,436 

•231*6 

42,47*5 

149i,S4 

-34.002 

7 

1^.7635 

8^.12592 

346.676 

331,674 

-223*404 

412,42* 

.22317 

42.3982 

1*89.55 

-33*963 

8 

19,4892 

102,81357 

134,581 

315,487 

-211*471 

395,609 

.21422 

42,3173 

1488,09 

-33*834 

9 

20,2250 

llT .50122 

322.317 

298,007 

-198,403 

376,526 

*20466 

*2.2325 

1*87,17 

-33*59* 




streamline 




RELATIVE 

relative 

RELATIVE 

RELATIVE 

streamline 

static 

STATIC 

SLOPE 

STREAMLINE 

blade 

relative 

MACH 

total 

total 

FLO* 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 

curvature 

velocity 

VtLOCjTY 

NUMBER 

PRESSURE 

TEMPERATURE 

angle 


<psi> 

(OEG R] 

tnEG) 

<PE« INI 

tFPS) 

‘ (FPS) 


(PSD 

(deg r> 

<0£G) 

1 

40.7380 

1493*63 

1,605 

,00000 

503,833 

9*3,407 

.50762 

48,2775 

156o,45 

-63,615 

2 

40.79J6 

1400,46 

4,296 

•OQOOO 

614,191 

966,669 

.62104 

48,7751 

1558,61 

-65*167 

3 

40,0453 

1404,49 

6,862 

,00000 

643,959 

985,76* 

,5320* 

49,2019 

1557.4* 

-66*549 

4 

40*8923 

1481.51 

9.391 

•00000 

673*332 

1001*989 

.5*134 

49,5750 

1556,89 

-67,023 

5 

40.9345 

1479.31 

11*900 

*00000 

702*482 

1016,646 

.54967 

49,9i58 

1556, 9i 

-69,039 

6 

40,9720 

1*77.76 

I 4 . 4 O 5 

,00000 

731*569 

l y 30*34fl 

•5573? 

50,23*7 

1557.47 

-70,219 

7 

41.0052 

1476,78 

16,917 

,00000 

760,7*6 

1043,425 

*56463 

50,5377 

1550.52 

-71*375 

8 

41,0343 

1476,33 

1 9 . 45 0 

*00000 

790.160 

1056,043 

*57154 

50*6276 

1560*06 

-72.517 

9 

41*0595 

1476,42 

22*019 

->•00000 

920*002 

l068.27o 

.5781* 

51,1053 

1562*10 

-73.649 





*• STAGE 3 PERFORMANCE *• 






STRuAHlINE 

STaToR 

ROTOR 

STATOR 

PRESSURE 

LOSS 

ROTOR 

pressure 

LOSS 

stator 
blade ROW 

ROTOR 
BLADE ROW 

ROTOR 

ISENTROPIC 

stage 

ISENTROPIC 

number 

reaction 

reaction 

COEFFICIENT COEFFICIENT EFFICIENCY 

efficiency 

EFFICIENCY 

efficiency 

1 

.46975 

.57068 

9 14063 

•1647* 

.09552 

,87560 

•91424 

• 8*054 

2 

,48287 

•50303 

•14676 

•1*026 

.09503 

.89226 

,9236? 

,85541 

3 

.49209 

• 45117 

•14477 

•1271? 

.89627 

.90255 

.92936 

.86601 

4 

,49996 

•41195 

•14256 

.120*2 

•03704 

,90826 

.93217 

,873*2 

5 

• 5044? 

. -40330 

•lino? 

.11743 

.89814 

.91 114 

.Qvn 1 

^ 874 A A 
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6 

♦ 50672 

♦ 36376 

♦13737 

♦11761 

.8094A 

•91180 

.93246 

.80195 

7 

.50712 

♦ 35227 

♦13650 

.11981 

♦89102 

♦91057 

♦93033 

♦86360 

8 

*50577 

•36777 

♦ 13167 

.12604 

.8927* 

•90759 

.92672 

*88351 

9 

♦50276 

♦3*922 

•12*28 

.13035 

•89*62 

*90282 

•92151 

♦86162 


* MASS-AVERAGED QUANTITIES » 

stator blade-row efficiency 

9 

*86882 

ROTOR BLADE-ROW EFFICIENCY 

a 

• 90417 

stage work 

0 

29.637 BTU PER L0M 

STAGE TOTAL EFFICIENCY 

0 

♦ 87295 

STAGE STATIC EFFICIENCY 

m 

•78358 

stage blade- to jet-speeo ratio 

a 

• 50665 

«♦ STATOR EKlT - ROTOR INLET 4 ♦* 









ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

RaOIaL 

HaSS-fLOW 

MERIOIONAL 

A* I At* 

whirl 

ABSOLUTE 

hack 

total 

TOTaL 

FLOW 

NUMseH 

position 

function 

velocity 

velocity 

velocity 

VELOCITY 

NUM bE R 

pressure 

temperature 

ANGLE 


(IN) 

(LBM/SECl 

(FPSJ 

(FP5J 

(FPSJ 

(FPS) 


(PSD 

( 0 EG R ) 

(OFG) 

1 

16*450 0 

0.00000 

370*215 

37o*oS5 

1059*047 

1121*89! 

,61966 

41.3005 

1511*95 

70*739 

2 

p.4326 

24*68736 

3*0*2lS 

366 , 5 2 9 

997,3*9 

I 063.844 

,50605 

* 1 *4438 

15o6*o5 

69*7q 0 

3 

J5.JJ97 

29*37*75 

37o.?i5 

366,937 

9*5.753 

1015*632 

.55972 

4j*5 3 75 

1501*23 

68.79s 

4 

1 F. 1^93 

*4*<j52i3 

37y*2i5 

364.2*5 

901*245 

974*321 

.53653 

41*5957 

1497,3 0 

67,994 

5 

1 7*99 38 

5 H • 7 * 95 ! 

370. 2 lg 

360,56* 

862.000 

938*138 

,51625 

41.6386 

1494»10 

67.278 

6 

i«.7623 

73,43688 

37o*2l5 

357,173 

826,795 

905,897 

.49817 

41*6425 

1491.55 

66,636 

7 

19.5015 

86*12426 

370*215 

352*926 

794*753 

876.751 

,48182 

41.641B 

1489,56 

66.055 

8 

20,21 S3 

102.81163 

370*215 

348*262 

765*233 

850. 0B 3 

,46684 

4l*6 2 9i 

1488*11 

65*529 

9 

20.9125 

117,49901 

370.215 

3*3.211 

737,736 

825.417 

.45295 

41*6o65 

1487.19 

65*051 


streamline 

static 

STATIC 

streamline 

slope 

streamline 

BLADE 

relative 

Relative 

hach 

relative 

total 

relative 

total 

relative 

FLOW 

NUHgC* 

PRESSURE 

T E mPeRaTO»e 

angle 

CURVATURE 

velocity 

velocity 

NUH0ER 

PRESSURE 

temperature 

angle 

■ 

(PSD 

(DEG ft] 

U>EG> 

(PER ini 

(FPS) 

(FPSI 


(PSD 

(OEO R) 

(DEO) 

1 

32.1520 

1417,45 

' 1,685 

-.00000 

505*86! 

000.803 

,33185 

34,6035 

1444.55 

51*973 

2 

33*0830 

1421, OB 

4,776 

-*00000 

625,698 

*2**579 

,28937 

34.9885 

1441,7* 

45*210 

3 

33.8216 

1423.79 

7,631 

-.00000 

662,475 

466, i6j 

.26690 

35,3502 

1*40.10 

37,666 

4 

34*4247 

1426,02 

10.30* 

-*00000 

696*921 

*22,856 

,23286 

35.6992 

1439,45 

29,290 


34.9280 

1428*03 

12.835 

-.00000 

729*5*1 

393*198 

.21637 

36.0*25 

1*39,63 

20»l5l 

6 

35.3553 

1429,9 3 

15*253 

-*00000 

760*699 

376, 0 69 

,20681 

36,38*8 

14*0*55 

10*40* 

7 

35.7220 

1*31,85 

17.579 

-.00000 

790,670 

370,238 

.203*7 

36,T 2 9* 

14*2.14 

.663 

8 

36,0426 

1*33,06 

19,830 

-.00000 

819,671 

374,196 

,20550 

37.0780 

1444*37 

-1,8*4 

9 

36*3233 

1*36,0* 

82*019 

-.00000 

*47,876 

386,251 

,21196 

37,43*9 

1447,2* 

-IT.792 


•• STAGE EAIT » •• 
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STREAMLINE 

PflUUL 

MaSS-FIOW 

MEKIolCMiL 

‘axial 

WHIRL 

ABSOLUTE 

absolute 

MACK 

absolute 

TOTAL 

absolute 

total 

ABSOLUTE 

FLOW 

NUMH£« 

position 

FUNCTION 

velocity 

velocity 

velocity 

VELOCITY 

NUMbE* 

PRESSURE 

Temperature 

ANGLE 


(IN) 

(LBM/SEC» 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(OEG R) 

(OEQ) 

1 

14.5000 

0.00000 

*35.580 

435.^92 

-08.735 

♦44.52ft 

.24602 

30*7760 

1410.25 

-11.519 

Z 

lS.419* 

14*68796 

420.256 

419.063 

-110*330 

♦34.497 . 

.24194 

30.7349 

1401.66 

-14.730 

3 

16.3163 

29,375*1 

405.309 

402.305 

•121.705 

*23,210 

.236J0 

30,6001 

1394,00 

-16,039 

4 

17.1982 

44. 06386 

39Q.610 

305, J52 

-124.902 

*lO*ll fi 

•22925 

30.6322 

1389.45 

-17,97 0 

5 

1H.0717 

58.751&2 

374,051 

367, «5d 

-122.78ft . 

395.539 

.22138 

30.5694 

1305.35 

•10.454 

6 

1«. 9*2* 

73.43977 

361.531 

asu.iss 

-117.417 

300* 12<) 

.21290 

30.5027 

1302.22 

“10.538 

7 

j9. B i?5 

88.U772 

346.955 

331.947 

-109.727 

363.093 

.20391 

30.4335 

1379,95 

-10.292 

8 

jU*70 1 1 

l02.«lSb7 

332*228 

313,200 

-lO0,03| 

346.96s 

•19446 

30.3620 

1370.52 

-17.708 

9 

21.6000 

117,50363 

317,247 

294,106 

-80.340 

329,319 

,10455 

30.2910 

1377,92 

•16.720 





streamline 




Relative 

RELATIVE 

relative 

relative 

streamline 

SUTic 

static 

SLOPE 

streamline 

BLADE 

relative 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

pressure 

temperature 

ANGLE 

curv 4 ture 

Velocity 

velocity 

number 

PRESSURE 

temperature 

ANGLE 


(PSD 

(OEG R) 

(OEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(DEG r> 

(DEG) 

1 

29.5307 

1395.19 

1.605 

,00000 

507 ,888 

004,704 

,44601 

33,7359 

1444,55 

-57,240 

2 

29.5464 

1307,27 

4,316 

•QOOQO 

625.165 

047,094 

.47j69 

34.2510 

1441.97 

-60.327 

3 

g9.556o 

1301.13 

6.886 

.00000 

A6!.Sz7 

00J.959 


34.7 n 6 z 

1440.44' 

- 62 . 0 JL 1 

4 

29,5661 

1376.63 

9,412 

• oouoo 

697, 20 ? 

’10026 

.5 0 SA5 

35,0956 

143Mo 

-04*«$o 

5 

29.5757 

1373.42 

11*914 

•00000 

73Z.700 

934.490 

.Szj.97 

35.4392 

1439,90 

-66.727 

6 

29.5842 

1371.21 

14,4 0 9 

,00000 

760,02? 

?56,4q3 

,53567 

35,7582 

1440,93 

-68,423 

7 

29 ,5V 16 

J369.B6 

16,914 

,00000 

003,479 

976,895 

.54741 

36,0612 

144 2 , 60 

-70,014 

e 

29,S976 

1369,34 

19,445 

.ooooo 

839,304 

996,357 

,55042 

36,3518 

1445,01 

-71,556 

9 

29.6Q24 

1369,65 

22*019 

.00000 

075.75q 

1014.955 

,56878 

36.630 9 

1448,17 

-73.035 





STAGE 

4 performance •• 






streamline 

stator 

ROTOR 

STATOR 

PRESSURE 

LOSS 

ROTOR 

pressure 

LOSS 

viator 
blade row 

ROTOR 
BLAOE row 

ROTOR 

JSENTROPIC 

stage 

JSENTROPIC 

number 

Reaction 

Reaction 

COEFFICIENT COEFFICIENT EFFICIENT 

efficiency 

EFFICIENCY 

EFFICIENCY 

1 

.44042 

.74661 

.15415 

•21115 

•86545 

.04870 

.91465 

•02439 

2 

.45526 

.61927 

•14988 

.16055 

.88648 

.87997 

.92795 

.84699 

3 

,46500 

,52855 

.14564 

.12907 

.88798 

,90175 

,93776 

.06460 

4 

•♦Tqgh 

,♦6451 

.14126 

.11459 

,86989 

,91389 

,94303 

.67695 

5 

.47311 

,42076 

.13683 - 

.10863 

,89205 

,91921 

,94459 

,86481 

b 

.47294 

,39321 

.13237 

.10762 

.09443 

.92055 

,94380 

,00966 

7 

.47040 

,37899 

.12785 

.11003 

.09690 

.91868 

.94093 

.89191 

6 

.46561 

.37556 

•12326 

.1153? 

.09972 

.91453 

.93597 

•Sihj 

9 

,45059 

.30056 

.11856 

•12367 

•90265 

.90751 

*92067 


« h*ss-»ver»oeo quantities • 
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STAT0» 8LA0E-H0* EFFICIENCY m *89270 

ROTOR 8LADE-R0W EFFICIENCY • *90566 


STAGE WORK a 26*428 BTU P£R L0M 
5TA0E TOTAL EFFICIENCY • *07837 

stage static efficiency * * 7996* 

STAGE BLADE- TO JET-SPCEO PATIO ■ 954636 



106 


spool performance summary <hass-avehaged quantities) 


STAGE 

stator 

BLADE-ROW 

ROTOR 

BIAOE-RQW 

STAGE 

STAGE 

total 

stage 

static 

STAGE 
BLADE- TO 
jet-speed 

IUMbeR 

EFFICIENCY 

EFFICIENCY 

WORK 

EFFICIENCY 

EFFICIENCY 

ratio 

1 

.92213 

,85862 

1PTU/L8M) 

32.05ft 

.85272 

,75354 

,43533 

2 

•89238 

.68545 

30.847 

,8586A 

.7*121 

,♦7072 

3 

,86882 

♦*041? 

29.637 

,87295 

,76356 

•50665 

4 

.89270 

.90506 

28.428 

•67537 

,79964 

•54636 


SPOOL WORK a 

SPOOL PO'EQ • 

spool total- to total-pressure ratio ■ 

SPOOL TOTAL- to STATIC-PRESSURE RATIO • 
SPOOL TOTAL EFFICIENCY • 
SPOOL static efficiency * 
SPOOL BLADE- TO jET-SPEEp RATIO • 


120.968 BTU 
20110.12 HP 
3.5911? 
3,71057 
•09012 
•06155 
•25718 


PER LBM 
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F# PHOORAh T02 - AERODYNAMIC CALCULATIONS FOR TM£ DESIGN OF AXIAL TURBINES FA 


optimized three stage version of nasa lp spool at original tip diameter 


«*• GENERAL input rata ••• 


NUMBER OF SPOOLS a I 

NUMBER OF SETS OF ANALYSIS VARIABLES a l 
NUMBER OF STREAMLINES a 9 


gas constant 
inlet mass flow 


*3,35000 LBF FT/LBP DEG R 
1X7.50000 LBM/SfcC 


• tabular inlet specifications • 


raDIAL 

total 

COORDINATE 

temperature 

(IN) 

tOEG R) 

14.1000 

1837.96 

14.4048 

1037.96 

14.0665 

1037.96 

14,9611 

1637,96 

15.2020 

1037.96 

15.4410 

1837.96 

15.6697 

1037.96 

15.0691 

1037.96 

16.1000 

1037.90 


total 

absolute 

pressure 

FLO* ANGLfc 

(PSD 

(DEG) 

106.225* 

3*213 

l08.79lJ 

4.376 

109.2293 

$.153 

109,5*56 

5.662 

109,0619 

6.036 

110,1073 

6,260 

110.3232 

6,382 

110.5164 

6,421 

110.69!*! 

6,392 
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SPOOL INPUT Data ••• 


*• OESioN PEQUlRf MfNT S ** 


POTATlyE S p EED B *646.0 RPH 
P<J*ER OUTPUT « 20110.00 HP 


•* ANALYSIS VARIARLES ** 


NUMBER OF STAGES * J 


* pouer-output split • 


FRACTION of 

STAOE NUfbER spool power output 


1 *33333 
a *33333 
9 .33333 


* SPECIFIc-HEaT SPEcIfICaIION * 


DESIGN STATION NUMBER 

1 

2 

3 

* 

S 

b 

7 


SPECIFIC HEAT 
{BTU/LBK DEO R) 

*27500 

.27500 

.27100 

.27100 

.26700 

.26700 

.26200 


• annulus specification • 


station number axial position 

UN) 


Hub radius 

I IN) 


casino radius 

UN) 


1 

2 
3 


7.5000 

9.0000 

U.ooon 


IA.qTSO 

lA.lOOO 

14.1667 


15.0500 
16.1000 
17 A167 
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6 

13.000$ 

)4.233* 

17.9334 

5 

is.oooo 

14.3000 

19,8500 

6 

17,0000 

14 .3^67 

19,7667 

7 

I9,000n 

14.4334 

20,6934 

6 

*1.0000 

14.5000 

21,6000 

4 

23 ,oooa 

14.5*07 

22,5167 



* tJLAOE-RC* EXIT CONDITIONS • 

STATOR I 

MERIDIONAL 

RaOXaL VELOCITY 

POSITION GRADIENT 

(IN) (PER SEC) 

- 

IS#0040 0.03 

*HIRL VCtOClTY AT THE kU n STrEAn L 1nE * 1200*0000 FEET PE* SEC 


ROTOR 1 

RADIAL 

POSITION 

UN) 

MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 


15.0000 

•eoo.co 

Stator 2 

RADIAL. 

POSITION 

nm 

MERIDIONAL 

VELOCITY 

gradient 

(PER SEC) 


16*0000 

0.00 


*HI«l VCtOCJTt *t THE hUn STsEAMtlNt « Its '>0.0000 «EI PEB SEC 


ROTOR i 

RADIAL 

POSITION 

UNI 

MERIDIONAL 

VELOCITY 

gradient 

(PER SEC) 


16*0005 

-*200*00 

STATOR 3 

RADIAL 

POSITION 

ON> 

MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 


17*0000 

0*00 



MNlftL VELOCITY AT THE MEAN STflEAHLiNE • 1150*0000 FEET PER SEC 


ROTOR 3 

meridional 

RADIAL VELOCITT 

position gradient 

(IN) (PER SEC) 


17*0000 - 200*00 


• BASIC INTERNAL LOSS CORRELATION • 


TAS (INLET ANGLE) ♦ TaN{£XIT ANOLE> < *03000000 * 

— — — *TIMES» 

*60000000 * *00000000 * COS (EXIT ANGLE) t «o5SOOOOO ♦ 


.157*5500 • (v Ratio)** 3.6o> if cv ratio) *lt* 

*15000000 *HV RATIO)- *6fto>> tf (V RATIO) *QE« 


*60000000 

*60000000 


ThC PR£S3URe-L03S COEFFICIENT COMPUTED IM TulS ManNeR MAY NOT EXCEED A LIMIT OF 2*00000000 



••• OUTPUT OF SPOOL OESlG* ANALYSIS ••• 


*® STATOR ZNLfT | •* 









absolute 

absolute 

absolute 

ABSOLUTE 

STREANLlNE 

RAOUL 

PaSS-FLO* 

KERIOIONAL 

A*lAL 

WHIRL 

absolute 

MACH 

total 

total 

FLOW 

NUMBER 

POSITION 

FUNCTION 

VELOCITY 

velocity 

velocity 

velocity 

NUMBER 

pressure 

TEMPERATURE 

angle 


UM 

(LHM/SEO 

IFPSI 

(FPS ) 

cfpsi 

IFPSI 


(PSD 

(DEG R) 

(OEG) 

1 

l^.laOQ 

0.00000 

475.863 

475,71 A 

'26.520 

♦76,601 

.23354 

100.2190 

1037,96 

3.213 

2 

l**A0?3 

j4.687jS 

511.574 

510.792 

39.004 

$13*458 

' .25170 

100.7916 

1037,96 

4,39i 

3 

14.6938 

29.37435 

542,179 

539,048 

48,69? 

$44.36i 

.26711 

109.2346 

‘ 1637,96 

B.l7 0 

* 

14.9598 

*4.o6iS7 

569.390 

563. 458 

56. 1?4 

$72,154 

.2«0 9 2 

109.5845 

1037.94 

5.697 

s 

lS.glO* 

58.74881 

595,516 

585.964 

62*066 

590,741 

.29416 

109,0715 

1037,96 

6.046 

6 

)S.4«9o 

73*43606 

621,679 

607,703 

66,741 

625,251 

,30738 

110.1161 

1837,96 

6,266 

T 

|S.fc?S9 

88,12332 

648,440 

629,246 

70,634 

652,262 

,32008 

110,3303 

1837,96 

6,384 

6 

1&.6926 

102.81059 

676,118 

650,083 

73.29„ 

680,079 

,33482 

U0,$211 

1837,96 

6,421 

9 

16.1000 

117*45707 

704,840 

672,754 

75.403 

708o862 

.34927 

110.6920 

1837.96 

6.392 


STREAMLINE 

static 

STATIC 

STREAMLINE 

SLOPE 

streamline 

NUMBER 

PRtSSLRE 

TEMPERATURE 

angle 

CURVATURE 


(PSD 

(OEG H> 

(OEG) 

(PER IN) 

1 

104.3754 

1021.46 

1.433 

•01111 

2 

104.3167 

1810.81 

3.895 

.03554 

3 

104.1942 

1816.44 

6.160 

.05002 

4 

104,0007 

1814,19 

0.270 

.07903 

5 

103.7606 

1011.93 

10.276 

.09686 

6 

103.4504 

1809,57 

12.172 

.11767 

7 

103.0771 

1007.06 

13.978 

.13559 

6 

102.6399 

1004.37 

15,703 

.15271 

9 

102.1375 

1801,47 

17.354 

#169q9 






•• STATOR 

E*IT - ROTOR 

inlet 1 •# 












absolute 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

5TREAMLINE 

RAOUL 

HaSS-FLOW 

MERIDIONAL 

axial 

WHIRL 

ABSOLUTE 

MACH 

TOTAL 

total 

FLOW 

number 

PCS it ION 

FUNCTION 

velocity 

velocity 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 


(IN) 

(L8M/SEC) 

(FPS) 

(FPS) 

IFPSI 

(FPS) 


CPSI) 

(OEG RJ 

(DEO) 

1 

14.1667 

0.00000 

492,137 

491. 863 

1287.50? 

1370.429 

,69916 

105.4701 

1037.96 

69 # q93 

2 

14.5540 

14.60716 

492.137 

490.266 

1265.99? 

]350.204 

,68813 

106.0645 

1837.96 

68.031 

3 

14.9205 

29,37433 

492.137 

407.369 

1244,084 

1$37.R87 

.67700 

106.5194 

1837.96 

68.607 
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4 

1^,2926 

44,06149 

492.137 

483.285 

122?, 018 

1317,394 

.66586 

106,0624 

1037,96 

66,422 

5. 

15,6482 

58.74865 

492,137 

478.099 

1208.000 

1296,996 

,65401 

107.11B8 

1937,96 

68,277 

6 

15,9970 

73,43562 

492.137 

471.877 

1178. 08n 

1<?76 ,743 

,64380 

107,3045 

1037,96 

68,172 

7 

16.3404 

80. l?298 

492.137 

464.664 

1156,178 

1*56,561 

*63302 

107,4273 

1037,96 

68,105 

a 

16,6799 

ioe.01014 

492,137 

456.493 

1134,117 

1*36, 293 

.62215 

107,4692 

1037.96 

60.075 

9 

17,0167 

117.49731 

492.137 

447.381 

1111.716 

1*15.776 

.61117 

107,4912 

1937,96 

68.079 





streamline 




RELATIVE 

RELATIVE 

RELATIVE 

relative 

streamline 

STATIC 

static 

SLOPE 

streamline 

blade 

relative 

MACH 

total 

total 

FLO* 

NUMBER 

PPt SSUKE 

temperature 

angle 

curv a iure 

velocity 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 


tp$n 

(DEG R> 

(OEGI 

(PER IN) 

(FPSl 

<FPS> 


(PSD 

(OEG R) 

(DEG) 

1 

77,1210 

1699.97 

1,910 

0,00000 

576.37* 

866,524 

,43951 

87,5341 - 

1754,50 

55,408 

2 

70,2917 

1703,98 

4,997 

0,00000 

590, 07R 

036,098 

,42358 

60.0760 

1754,74 

54,045 

3 

79.3693 

1707.97 

7.902 

0.00000 

605.263 

006.406 

.40006 

88.5452 

1755.20 

52.659 

4 

P 0 .3664 

1711,92 

10.684 

0.00000 

420*024 

777. 5SB 

.39301 

88,9589 

1755,83 

51.242 

5 

81.2920 

1715,00 

13.710 

0.00000 

634,441 

749,704 

,37050 

89,3321 

17S6,6j 

49,79o 

6 

92.1S6B 

1/19.58 

16.497 

0.00000 

640,501 

722.R89 

,36456 

89.6747 

J757.53 

48,293 

7 

82.9654 

1723,29 

19.235 

0*00000 

462.506 

697.07? 

.35116 

09.9927 

1750.58 

46.734 

8 

83.7245 

1726,96 

21.940 

0.00000 

676.270 

672,177 

.33826 

90,2901 

1759.78 

45.085 

9 

04,4388 

1730,62 

24,624 

0,00000 

689,92s 

648.154 

,32583 . 

9q,5700 

1761.13 

43,314 






«• 

STAGE exit 1 

«• 












absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

STREAMLiNE 

PAUtAL 

HaSS-FLO* 

meridional 

axial 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 

NUMBER 

PCSUION 

FUNCTION 

velocity 

VELOCITY 

velocity 

velocity 

NUMBER 

pressure 

temperature 

angle 


(IN) 

(LRM'SEC) 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(deg R) 

(OEG) 

1 

14.2334 

0*00900 

452,632 

*S2,30l 

-392.424 

599. 0 6 0 

,30555 

72.6870 

1699.38 

-*0.9*0 

2 

14.7 04 1 

14,66*50 

444,708 

443.P29 

-394.151 

694**99 

.30336 

7?.7S06 

1696,41 

-41.6*6 

3 

15,1686 

29.377oo 

437,046 

433,157 

-393,697 

588,223 

,3oo43 

72,7009 

1693,01 

-42,268 

4 

15.6289 

44.06550 

429.374 

♦22.217 

-391,459 

58i,o35 

,29691 

7 2,0O51 

1691,55 

-42,035 

5 

jn,o87o 

50.75399 

421.739 

♦10,440 

-387.020 

572,952 

.29209 

72.0031 

1689,56 

-43,377 

6 

16.5447 

73.44249 

*14.111 

397,87* 

-383*056 

564,no 

.20046 

72,7056 

1687.01 

-43,913 

7 

I 7.0037 

88 * 13099 

406.461 

384,611 

-377,267 

554.564 

.28364 

72,7541 

1606.27 

-44,455 

0 

17.4659 

102*81949 

398.757 

370.361 

-370.349 

544.211 

.27639 

7 2 ,7 0 77 

1604,90 

-44.999 

9 

17.9334 

H7*5o799 

39 0 *966 

355.41* 

-36i.97r^ 

532*800 

-27 2 S6 

72.6*37 

1683.97 

-45.52* 




STREAMLINE 




RELATIVE 

relative 

RELATIVE 

relative 

STREAMLINE 

static 

static 

SLOPE 

streamline 

BLADE 

RtLAtlVE 

MACH 

total 

TOTAL 

FLOW 

NUMBER 

pressure 

temperature 

angle 

curv 4 tuhe 

velocity 

velocity 

number 

pressure 

Temperature 

ANGLE 


(PSD 

(UEG «) 

< 0 E 6 ) 

(PER IN) 

(FPS) 

(FPS) 


. (PSI) 

(deg hi 

(OEG) 

1 

68,3173 

1672.93 

1.909 

-.00002 

577,079 

1069,959 

.54572 

02,9831 

1757,29 

-64,966 

2 

68.4374 

1670.30 

4,790 

-,00002 

596.161 

1085.612 

,55*13 

83,6190 

1757.23 

-65,888 

3 

68.5529 

1668.32 

7.650 

•*.00002 

614.99* 

1099.303 

.561*7 

84.1979 

1757.37 

-06.760 

4 

60.6635 

1666.67 

10.476 

-.00002 

633*659 

lUl. 408 

,56793 

04.7255 

1757.70 

-67.615 

b 

60.7690 

1665.37 

13,288 

-.00002 

652.232 

1122.313 

.67372 

05.2126 

1758.20 

-68,464 

6 

68,8694 

1664,36 

16,098 

-.00002 

670.706 

1132.286 

.57900 

85.6665 

1758.04 

-69.316 

7 

68.9650 

1663,61 

18.916 

-.00002 

689,397 

1141,402 

.56383 

86,0911 

1739,63 

-70,177 

8 

69,0556 

1663.15 

21.753 

-.00002 

TO®. 13M 

1149.844 

.5B819 

86 *4032 

1760,59 

-71.047 
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9 

6*.1*1S 

16*3. t)S 


-^00002 727^09! llS7.*112 

«* STAOE 1 PE«FOoNiNCE «• 


06.0324 

176^72 






stator 

ROTOR 









PRESSURE 

pressure 


STaToR 

ROTOR 

rotor 

stage 

STREAHLINE 

STaTO* 

RqTOR 

LOSS 

loss 


rLade Row 

BLADE ROW 

isentrupic 

ISENTROPIC 

MJMbeR 

Reaction 

reaction 

coefficient coefficient 

EFFICIENCY 

EFFICIENCY 

efficiency 

EFFICIENCY 

1 

•34576 

.00987 

.09673 

•33il» 


.92698 

.77631 

.84481 

.79271 

2 

•37002 

•77016 

.09792 

•3139i 


•92572 

.78006 

.85257 

.80129 

J 

•406RB 

•73356 

•09988 

•2982* 


.92405 

.79923 

.86001 

.00920 

4 

•43431 

•69962 

• 1 02 Tq 

•20401 


•92173 

.00969 

.86702 

♦*1622 

5 

•46i64 

•66800 

.10688 

•2*11* 


.9186* 

.01942 

.87354 

#02226 

6 

.*8972 

.63843 

.11179 

.25962 


.91461 

.02848 

.87959 

.82728 

7 

.51909 

.61067 

• 11662 

.24923 


.9q9«* 

.03685 

.88516 

.83121 

9 

•55oiO 

•58458 

•12744 

•24024 


«9029 2 

.04431 

•$9oo8 

.83382 

9 

•502Q5 

•56qiS 

•13876 

•2339* 


•89*62 

.85035 

9 89*oi 

.0347J 




® PASS- 

AVERAGED QUANTITIES « 






STATOR BlADE-RO* 

efficiency 

B 

•91600 






ROTOR eiAOE.ROH 

EFFICIENCY 

• 

.81742 








stare work 

tt 

40*322 

BTU PE« LB* 






STAGE TOTAL 

EFFICIENCY 

O 

.81952 







stage static 

EFFICIENCY 

« 

.72539 






STAGE BLADE- TO JET- 

SPEED RATIO 

■ 

.38536 







«* stator 

EXIT - ROTO* 

IkLtT 2 •* 












absolute 

absolute 

absolute 

ABSOLUTE 

STReaNlINE 

RaOIaL 

m a SS«fLG0 

ncnioional 

AMaL 

VHlftL 

absolute 

*ACH 

total 

total 

FLOW 

MJKBfc* 

position 

FUNCTION 

velocity 

VeLOcI™ 

Velocity 

velocity 

nuh B e* 

PRESSURE 

TeKPePaTU*£ 

angle 


UN) 

(LRN^SEC) 

(FPS) 

IFP5) 

(FP5) 

* CFPS) 


<PSI) 

tOEO R) ' 

<0EG) 

1 

14.J000 

0.00000 

397.484 

397,264 

12S1.022 

1312.65o 

,69 0 58 

69.2520 

1699.30 

72.383 

2 

14.9562 

14.68664 

397.484 

395,858 

1203*557 

1267.495 

.6656* 

69.5207 

- 1696.40 

7J.79* 

3 

]S.S7b9 

29.37329 

397.484 

393.343 

II61. 7 22 

1227.840 

•6*305 

69.7467 

1693.02 

71.295 

4 

J6.I667 

44.05993 

397.484 

389.877 

1124.178 

1192.380 

.62*46 

69,9185 

1691.55 

70.873 

5 

16.7342 

58.74657 

397,484 

385,575 

1090.000 

1160.213 

,60692 

7o,0536 

1689,56 

70.519 

6 

17.2830 

73.43321 

397.484 

380,519 

1058.S1O 

1130.68Q 

,5908? 

70.1585 

1687,81 

70.227 

7 

1/.«166 

06.11985 

397.484 

374,768 

1029,188 

1103.270 

.57602 

70.2377 

1686.29 

69.991 

8 

10.3361 

102.00650 

397.484 

368,365 

1001*612 

1077.599 

.56211 

70.2939 

1685.00 

69,800 

9 

1«.B50Q 

117**9314 

397*404 

361.340 

975.420 

1053*299 

.5*895 

70,3206 

1603.99 

60.673 
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streamline 




RELATIVE 

RELATIVE 

relative 

RELATIVE 

streamline 

STATIC 

static 

slope 

streamline 

BLADE 

relaTivf 

MACH 

total 

total 

FLOW 

number 

Pi- F SSL H£ 

temperature 

angle 

curvature 

velocity 

VELOCITY 

number 

PRESSURE 

TEMPERATURE 

angle 


(PSD 

(UEG RJ 

(DEG) 

IPEH IN) 

(FPS) 

(EPS) 


IPSI) 

<OEG R) 

(DEG) 

I 

50. *469 

1*72,40 

1.909 

.00002 

579,779 

780*103 

.♦1041 

56,9369 

1617.25 

59,382 

2 

52.2362 

1S70.CI 

S.1H5 

.00002 

606,386 

717.36? 

,37673 

57,3772 

1615.94 

56,460 

3 

£3*3411 

1*82.72 

6.278 

•00002 

631.5U 

662.660 

,34748 

57.7839 

1615.08 

53.430 

4 

£♦•3032 

lb66.78 

n*22» 

•00002 

655.462 

6j4*564 

.32185 

58.1669 

1614.61 

50*246 

s 


15*0.37 

14*061 

• 00002 

678.47? 

*>72.145 

.2*930 

58.5335 

1614.49 

46.665 

6 

S5«*o»6 

)b*3.6Q 

] 6. 9 00 

• 00002 

700«72i 

534.796 

.27948 

58.8890 

1614.68 

43.237 

7 

5F».5rt^2 

1696.56 

1**464 

•00002 

722.354 

*02*135 

.26216 

59.2376 

1615*17 

39.30® 

8 

5^*2062 

1599.43 

22.068 

.00002 

743*499 

♦73.937 

.24722 

59.5824 

1615.98 

35.019 

9 

57.76*1 

1 6 02.23 

24,623 

.00002 

764,254 

♦ 50 . 0*4 

,23458 

59,9263 

1617.16 

30.302 





•« 

stage exit * 

•• 













absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

STREAMLINE 

raoul 

MaSS-FLO* 

meridional 

A*UL 

vhIRl 

absolute 

MACH 

total 

total 

FLOW 

number 

Resinas 

function 

velocity 

velocity 

velocity 

velocity 

number 

pressure 

TEMPERATURE 

ANGLE 


UN) 

(LRM/SEC) 

(FPS) 

(FPS) 

(FPS) 

' (FPS) 


(PSD 

<oeg R) 

(OEO) 

1 

14.3667 

0.00000 

435.414 

435, i?2 

-406.265 

695.514 

.31660 

46.3720 

1550.48 

-43*032 

2 

15.0629 

14.66846 

423*811 

422.301 

-410.581 

590.079 

•31420 

46.4668 

1552.45 

-44.194 

3 

l 1 '. 7 448 

2* .37692 

♦12.446 

408.720 

-411,016 

682,276 

,31060 

46.52*1 

1547.14 

-45,161 

4 

1*' .4169 

♦♦.06537 

♦01,244 

394 ,48j 

-407,153 

671,638 

,30529 

46.5534 

1542,56 

-45,9 0 6 

S 

l7,0833 

58.75382 

390,137 

379.614 

-3*9.2*! 

650,247 

.2*841 

46,5412 

1530,6* 

•46,447 

6 

17,7478 

73,44226 

379.062 

364.135 

.388.569 

642,839 

,2*036 

46,5012 

1535,42 

.46,859 

7 

1*SM40 

98.13071 

367,958 

348.048 

-375.819 

525,959 

.20146 

46,4400 

1532,67 

-47,1*7 

8 

l*.oes7 

102*81*16 

356.764 

* 331.343 

-361*459 

5Q7.671 

.27166 

46,3642 

1530*4? 

-47.489 

9 

|9.7t67 

UT.5o?6o 

345.414 

314.001 

-345.643 

♦86.651 

•26160 

46.2741 

1520.69 

-47.746 




streamline 




Relative 

relative 

relative 

relative 

streamline 

STATIC 

SUTk 

SLOPE 

streamline 

BIAOE 

relative 

mach 

TOTaL 

total 

FLOW 

NUMBER 

PRESSURE 

Temperature 

ANGLE 

CURVATURE 

velocity 

VtlOClT Y 

number- 

pressure 

temperature 

ANGLE 


EPS!) 

(OEO R) 

<OEG> 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(DEG R) 

(OEG) 

1 

♦5.3731 

1531.96 

1.910 

0,00000 

582.483 

1080,374 

,57437 

53,8222 

1619,26 

-66.245 

2 

43.5039 

1526,41 

4,638 

0,00000 

610.706 

1105,734 

,58092 

54,5684 

1617,86 

-67,535 

3 

43.6266 

1521,78 

7.707 

0.0OO00 

638,356 

1127,518 

,60144 

55,2440 

1616.07 

-60,720 

4 

43,7460 

1518.12 

10.534 

0,00000 

665.607 

1145,342 

,61168 

55.8296 

1616,24 

-69.010 

5 

43.8S50 

1515,38 

13,337 

0,00000 

692,626 

1159.522 

,61*81 

56,323* 

1615.95 

-70,830 

6 

43*9551 

1513.38 

16*132 

0*00000 

719,567 

1171.17ft 

•62645 

56.7400 

1615. *8 

•71*00* 

7 

4**0464 

1511.98 

18.935 

0.00000 

746.579 

1101*173 

.6320* 

57.1206 

1616.34 

-72.772 

8 

♦—• 12*2 

1511.13 

21.760 

0.00000 

773*610 

1 1*0*007 

*63700 

57.4525 

1617*05 

-73.72* 

9 

44.2039 

1510.83 

24.624 

0.00000 

601.421 

1197.942 

.64131 

57.7495 

1610*17 

•74.691 


•• STAGE * performance « 



STREAMLINE 

STaTCR 

ROTOR 

STATOR 

PRESSURE 

LOSS 

ROTOR 

pressure 

loss 

stator 
blade row 

rotor 

BLADE ROW 

HOTOR 

ISENTROPIC 

stage 

ISENTROPJC 

115 

NUMBER 

Reaction 

reaction 

COEFFICIENT 

COEFFICIENT EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

efficiency 


1 

,45637 

,72207 

,18761 

.31*91 

•06901 

.79102 

.85329 

,76601 


2 

•46888 

,64877 

,18628 

•27018 

.66815 

.81659 

•86935 

,70595 


3 

,*7907 

,58772 

,ies4i 

,23398 

,66727 

,63845 * 

,863*3 

,803*3 


* 

,*8729 

,53658 

,18464 

,20914 

•66639 

.65532 

,89451 

.81771 


s 

,48383 

,493*3 

.18451 

•19367 

.86551 

.86701 

.90222 

,82857 


6 

,49891 

,45663 

•16437 

.18**9 

,86*62 

.87473 

.90730 

,«367o 


7 

,50265 

.*2512 

.10437 

.17908 

,86371 

,87946 

•91032 

.8*205 


8 

,50502 

,39826 

.184*1 

.1768* 

,86204 

,69104 

.911*1 

,6*679 


9 

,50584 

.37572 

•10432 

,1009? 

.86213 

,88209 

.91130 

.8*936 



• maSS-AVERaGEO QUANTITIES • 


ST*TOP BLADE-flQW EFFICIENCY » ,86551 

KOTOR SLADE-ROW EFFICIENCY » ,85625 

STAGE wOr* a *0,323 BtU PER L8M 

STAGE TOTAL EFFICIENCY ■ #8211* 

STAGE STATIC EFFICIENCY ■ •73|9i 

STAGE BLADE- TO JET-SPEEo RATIO * ,41203 


•* STATOR EXIT - ROTOR INlET 3 M 









absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

RAOUL 

M/iSS-FLOW 

PERIOIONAW 

axul 

WHIRL 

Ad SOLUTE 

MACH 

TOTAL 

total 

FLOW 

KUP0E.R 

POSITION 

FUNlTjON 

VtLOdTY 

velocity 

velocity 

VtLOClTY 

NUHflEfl 

PRESSURE 

TEPPERaTURc 

ANGLE 


UN) 

clhv/sec) 

(FPS) 

IFPS) 

IFPS) 

IFPS) 


<psi> 

(deg R) 

IDEG) 

1 

14**334 

0.00000 

♦10.137 

♦09,910 

1390. *76 

1**9,7 0 2 

,8058? 

*3.5580 

1558.43 

73.575 

2 

lb, 4()6g 

14.08633 

*10*137 

*q 8,268 

1313.09* 

1376,229 

,762*5 

*3.9 0 69 

1552.38 

72.735 

3 

l h .Z9*7 

29.37266 

*10.137 

*o5,*55 

* 1?S0.093 

l3l0i?2* 

.727*5 

**.1002 

15*7.12 

72.038 

* 

l 7 *1102 

44.05899 

*10.137 

404,676 

ll97.0 2 7 

1265,3*0 

,69803 

♦4.3592 

1542.56 

?i.450 

5 

17.8913 

58,7*532 

*10.137 

397.117 

iiSo.qoo 

1220,9*7 

,67251 

**.0000 

1538,69 

7o.9*9 

6 

1**.62H7 

73.43165 

*10.137 

391,889 

1107.929 

liBlt*05 

.6*985 

**.6002 

1535, *2 

70.521 

7 

19.3300 

80.11797 

*10-137 

386 * <j69 

1q69.69R 

ll*S,*29 

.6*941 

* 4.6686 

153**68 

To-lSS 

e 

gO ,0^93 

102.00*30 

*10.137 

j79,7O0 

1034.506 

1112*0*1 

, 61 069 

*4,7ii3 

1530.45 

09 ,045 

9 

20,0834 

11 7,490*3 

*10.137 

372,843 

1001,73* 

1082,4*3 

,59334 

**,T321 

1528.7J 

69,585 





streamline 




Relative 

relative 

relative 

RtLAUVC 

STREAMLINE 

STATIC 

static 

SLOPE 

streamline 

BLADE 

relative 

MACH 

total 

total 

FLOW 

number 

PRtSSLKE 

temperature 

angle 

curvature 

Velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

INGLE 


IPSI) 

(DEO R) 

(OEG) 

(PER IN) 

(FPS) 

(FPS) 


IPSI) 

(OEG R) 

(OEG) 

1 

2*. 7095 

1*01,23 

1.909 

-,00002 

585,188 

903.716 

,50236 

33,99*3 

1*62.32 

63,023 

2 

30*2471 

1*10.72 

5.443 

-.00002 

624.6*! 

8q1«894 

.♦♦*26 

34,4657 

1456,82 

59,353 

3 

31**154 

1*17.5* 

8,666 

-.00002 

660*572 

718.6*9 

.39718 

34.8832 

1*56,16 

55.508 

* 

32.3817 

1*22.00 

11,659 

-.00002 

693.958 

6*9,069 

,35806 

35.2655 

1*54,3? 

51,394 
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5 


1*2'.19 

14.*76 

-.00002 

725.305 

690.3** 

.3251/ 

3S.6Z*1 

1*53.26 

*6.917 

6 

33.9035 

1*31.03 

17.156 

-.00002 

755.201 

t»*0.900 

.29753 

35.9677 

l*5Z.9i 

*1.983 

7 

3—blBl 

1*3* .52 

19.726 

-.00002 

703.959 

499.R59 

•27«6Z 

36.302? 

1*53.20 

36.506 

a 

3b. 0607 

1*37. az 

22.210 

-.00002 

811.66* 

*66,767 

.25615 

36.633B 

1*54,11 

30,400 

9 

3 ^„ 5-*0 

14*1.07 

24,623 

-.00002 

1 ) 36.507 

**1.39S 

. 2*195 

36.944* 

1*55.6* 

23.633 





«• 

5«QE EXIT 3 

•• 













absolute 

absolute 

absolute 

absolute 

streamlike 

Mbld 

HaSS-FLOU 

MtRlOlONAU 

A*IaL 

WHIRL 

absolute 

MACH 

total 

total 

FLOW 

NUMBER 

pcsiuon 

function 

velocity 

velocity 

velocity 

VtLOClTY 

KUHqeR 

pressure 

TEMPERATURE 

argue 


(IN) 

(LbM/SEC) 

«fhsj 

(EPS) 

(FPS) 

(FPS) 


(P5P 

<OEQ R) 

(OEO) 

1 

1«.5000 

0.00000 

*70.590 

*70.320 

-199.637 

511.105 

.20347 

20,47** 

1418.71 

-22,999 

2 

15.4320 

j*.6ft7 ? 9 

*55.056 

*53.399 

"225.773 

5q7 .9B5 

.20272 

20.5001 

1408.34 

-26.471 

3 

16*3369 

?9. 3745B 

*39.975 

*35,919 

-2*1.979 

502.127 

•20033 

28.5120 

1399.29 

-29,035 

4 

17.222B 

44.06107 

*25.210 

*17.927 

-250.588 

♦93.557 

.27627 

20.5077 

13*1.60 

-30,947 

5 

16.0967 

50.7*916 

*10.666 

399,439 

-252.926 

*82.206 

,Z7oS4 

28,4862 

1306,7o 

-32,342 

6 

l*.9ft53 

73. *36*5 

396.169 

300.650 

-2*9.044 

*67,9*6 

.26292 

20 4449 

13*9.24 

-33,209 

7 

19.0J45 

86.12373 

381.661 

360.941 

-2*0.185 

*50.965 

.25367 

20,3066 

1374.91 

-33,6*1 

0 

20«7iq6 

1OZ.011O2 

367.079 

3*0.601 

-220.001 

*32.125 

.2*326 

28.3172 

1371.34 

-33.777 

9 

91*6000 

lj7. 49030 

352.256 

32^.225 

-213.129 

♦11*714 

.23107 

20.2395 

1369,06 

-33.6*6 





streamline 




Relative 

relative 

relative 

relative 

streamline 

S'aTic 

SiaTjc 

Slope 

STREAMLINE 

blade 

relative 

hach 

total 

total 

flow 

number 

pressure 

Te wP E r aTURe 

ANGLE 

CURVaTURE 

Velocity 

velocity 

number 

pressure 

Temper a ture 

angle 


(PSll 

(OEG RJ 

tOEGJ 

(PER IN) 

(FPS) 

‘ (FPS) 


(PSD 

<oeg R) 

(OEO) 

1 

26.9766 

1390,79 

1.9o9 

,00002 

507,000 

917,615 

,50876 

32.0194 

1662.94 

-59.153 

2 

27.0006 

1388.67 

6.09o 

• 00002 

625,674 

965.622 

.53731 

32.6021 

1*59,72 

•61,965 

3 

2?. o**2 

I3«0.o7 

7.785 

•Q0O02 

662.363 

IOOS.689 

•56,46 

33.2883 

1*57.16 

-64.265 

6 

27,0010 

1372.03 

10.619 

.00002 

490.200 

1039.786 

•58 2 o2 

33.0391 

1*55.26 

-66.229 

5 

27*1173 

1366.97 

13.615 

.00002 

733.7 14 

1068.605 

.59940 

34.3331 

1*54.02 

-07,96 O 

6 

2 7 *1516 

1362.55 

16.194 

*00002 

76fl. 9*7 

109 2 , 3 46 

• 61375 

36.7569 

1*53.50 

-69.500 

7 

2M029 

1359.61 

10.975 

,00002 

804*170 

llll«9l6 

.625*6 

35.U07 

1*53.65 

-70.934 

0 

2/.2105 

1357,30 

21.770 

.00002 

039,691 

1129,032 

.63550 

35,6395 

1*54.67 

-72.293 

9 

27,23*5 

1356.14 

26.623 

.00002 

875,750 

1166.660 

.64453 

35,?201 

1*55.90 

-73.612 





•* ST*GE 3 PERFORMANCE •• 






STREAMLINE 

STaTcR 

rotor 

ST* TOP 

pressure 

' LOSS 

ROTOR 
' pressure 
loss 

stator 
blade Row 

ROTOR 
BLADE ROW 

ROTOR 

JSENTPOPIC 

stage 

isentropic 

NUMBER 

Reaction 

Reaction 

coefficient 

COEFFICIENT EFFICIENCY 

efficiency 

efficiency 

efficiency 

1 

.41078 

.90507 

.19053 

,40619 

• 07555 

.74065 

• 65933 

.75496 

z 

,4207b 

.63062 

.107*1 

,32730 

.07424 

,76720 

.67359 

.77965 

3 

.44239 

.71450 

.18524 

♦2689ft- 

•87304 

.82044 

.09103 

.00149 

4 

,45j77 

•62423 

.10312 

.22392 

•07p3i 

.04039 

• 90501 

.02093 

5 

.45722 

.55241 

.18062 

•19095 

.87210 

.87060 

.91659 

•03761 
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6 .459*9 ,*9517 

7 *45910 *44955 
I* *45637 *413*2 
9 *45143 .36569 


.17777 *i7277 .67250 
• 17*66 • J 6364 .87316 
•17139 *16115 *97411 
*16794 *163U .67529 


.B8S46 .92436 ,85036 
,89383 .92848 *65933 
.69781 .92997 .66549 
.69824 .92919 .66916 


* hass-avErageo QUANTITIES « 


STATOR »l_AUC-R0tf EFFICIENCY a *67337 

ROTOR 8LA0E-RCW EFFICIENCY s *65341 


STAGE «0Rk a 40*323 BrU PER LOM 


STAGE TOTAL EFFICIENCY a *62627 

STAGE STATIC EFFICIENCY ■ .75942 

STAGE BLADE* TO JET~SPEE0 RATIO a *44566 
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••• SPOOL PERFORMANCE Summary (M<sS-AV£«AGEP OUANUTIESI 


STAGE 

NUMBER 


1 

2 

3 


STaTOR RDTuH 

BLAOE-ROW blade-row 
tFFIClENCT EFFICIENCY 


•91600 .91742 
.86551 *95625 
•87337 *95361 


stage stage 

stage total static 

WORK EFFICIENCY EFFICIENCY 

(0TU/LRM) 


60*32? 

60 . 323 - 

60 * 32.1 


.81952 

*82114 

•82827 


*72539 

.73191 

•75942 


STAGE 
BLADE* TO 

jet-speeo 

Ratio 


•38536 

•61203 

•46586 


SPOOL WORk ■ 120.968 BTU PER LB* 

SPOOL POWER ■ 20110*07 HP 

SPOOL TOTAL* TO TOT*L*PREsSURE RATIO * 3.85873 

SPOOL TOTAL- TO STATIC-PRESSURE RATIO a 4.0676ft 
SPOOL TOTAL EFFICIENCY a .84052 

SPOOL STATIC EFFICIENCY ■ .81648 

SPOOL BLAOE- TO JET-SPEED »ATlo a *25141 
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APPENDIX i I I 

COMPUTER OUTPUT FOR THE REDUCED TIP DIAMETER 
LOW-PRESSURE SPOOL 


The three alternative versions of the low-pressure spool employ- 
ing the reduced maximum tip diameter at spool exit are presented in this 
appendix. The computer output for the five-stage des i gn. begi ns on the 
following page; the four- and three-stage versions will be found on pages 
136 and 150, respectively. In all cases, spool inlet distributions of 
total pressure, total temperature, and absolute flow angle were obtained 
directly from the computer output for the hp spool. 


1 20 


## pros*** ~ eAtcut*Ti0*s'FOR r*c desist or **ul tvrsines « 


CPTlNliEO riVE STAGE vEqsION OF *A$A LP SPOOL At DtOUCED TIP OlAWETtN 


*m 6S*ERAL INPUT OAT* *•• 


fiU*i$£* OF SPOOLS * I 

mm** or sets or analysis variable* * i 

*U»«* OF STRSAKU»t* n 9 


o*s constant « 
INLET NASS PLO* * 


53,35900 L«F FT/L8N CEO « 
IIT.SOOOD Lt»N/S£C 


♦ Tabular inlet specifications # 


RACIAL 

total 

TOTAL 

ABSOLUTE 

COCNCI**?* 

TfNPERATWRE 

PaESSURt 

PLOP ANCLE 

’ UNJ 

tO£0 NT 

(PSIl 

tOEOl 

|A« 1000 

1637*96 

108,3256 

3.213 

l*,*0«6 

XtJ7,*6 

108,7*13 

6.376 

1 4,t865 

1037,96 

109,22*3 

5,153 

14.9311 

1637*96 

109.5T56 

5.682 

15*2020 

1637*96 

l$9.«6i9 

6.936 

23.461* 

1637,96 

110*1973 

6.260 

15.969T 

1617*96 

119*3232 

6.392 

15.11*1 

1637.96 

110.516* 

5.621 

16.1000 

1837*96 

U0.69i2 

6.392 



••• Spool input data 


•» DESIGN PEOUlREHENtS •• 


ROTATIVE SPEED • * 6 * 6«0 RP* 

power output « 20110.00 hp 


•• ANALYSIS VARIArLES •• 


nunbeR or stares » * 


• POktR-ouTPUT split • 


PRACTION OF 

STAGE nUpsER spool POWER output 


1 

2 

3 

A 

5 


•20000 

•20000 

• 20 U 00 

• 20»00 

•20000 


<» SPECIFIc-NEaT SPEClFlCtUON • 


DESIGN STATION NUMBER SPECIFIC HEAT 
cbtu/l«n OEO R) 


1 


•27500 


2 

3 

* 

*. 

6 

7 

ft 

0 

10 

II 


•27500 

•27300 

*27300 

.27100 

.27100 

*26800 

•26800 

,28500 

,26500 

,26200 


« ANNULUS SPECIFICATION • 
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N NUMBER 

axial position 
(IN) 

HUB RADIUS 
(IN) 

CASING RADIUS 
(IN) 

1 

7.5000 

14,0*50 

15,8*00 

z 

9,000ft 

14,1000 

16,1000 

3 

lO.SOOft 

14,1400 

16,3600 

4 

12,000a 

14.1800 

16,6200 

b 

13.S000 

14,2200 

16. SB 00 

6 

15.0000 

14*2600 

17.1400 

7 

16.5000 

14,3000 

17.4000 

8 

18.000ft 

14.3*00 

17.6600 

9 

19.5000 

14,36)00 

17.9200 

10 

zuoooo 

14.4200 

18.1600 

11 

2Z.5Q0O 

14.4000 

10.4400 

12 

24,0000 

14,5000 

18,7000 

19 

25,5000 

14,5*00 

18.9600 


* BUOE^nO* EXIT CONDITIONS • 


STATOR I 


RACIAL 

POSITION 

(IN) 

15.5000 


meridional 

VELOCITY 

gradient 
(PER SEC) 

0.00 


VMlHL VELOCITY AT THE hEAn 5T«EAm L InE ■ 8*9*0000 FEET PER SEC 


ROTOR 


KE fi IOlONAL 

RADIAL VELOCITY 

POSITION GRADIENT 

(IN) (PER SEC) 


15.5000 -200.00 


STATOR 2 


RADIAL 

position' 

(IN) 

>16.0000 


KERIOIONAI 
VELOCITY 
GRADIENT 
(PER SEC) 

0.00 


HhlRL VELOCITY at THE kEAN STpEAhlInE * 011.0000 FEET per sec 


ROTOR Z 

MERIDIONAL 

RADIAL VELOCITY 

POSITION GRADIENT 

(IN) (PER SEC) 


- 200.00 


16.0000 
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STATOR 3 


ft AD 1 AL 
POSITION 
(INI 

16*5000 


MERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC) 

0*00 


WhlHL VELOCITY AT THE kEan STrE*M L InE « 776*0000 FEET per sec 


rotor a 


STATOR ♦ 


ftAOlAL 

POSITION 

UN) 

16*5000 


RAOUL 

POSITION 

(IN) 

17*0000 


perioional 
velocity 
gradient 
(PER SEC) 

' - 200*00 


MERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC) 

0*00 


whirl velocity AT THE hEAn stpea Hl inC » 


7*1*0000 FEET PER SEC 


ROTOR A 


STATOR b 


RADIAL 

POSITION 

(IN) 

17*0000 


RADIAL 

POSITION 

(IN) 

17*5000 


VERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 

- 200.00 


MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 

0*00 


NHIRL VELOCITY AT THE rEAn STREAMLINE ■ 


77**0000 FEET PER SEC 


ROTOR 5 


meridional 

RADIAL VEUOCtTY 

POSITION GRAMFNT 
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(IN)' (P£H*SEC) 

17*5000 -200*00 


• basic internal loss correlation * 

TANUNLEt ANGUtJ ♦ TaN< E *IT ANGLE 1 I *03000000 ♦ .lS7*55°0 * ‘V RATIO)** 3. 6 0) IF iV RaTJO) *LT* .aOOOOOOO 

v •TIMES# 

*00000000 ♦ *80000000 * COSIEAIT ANGLE) ( *05500000 ♦ *15000000 *UV RATIO!- *600)) XT <V RATIO) »0E* *60000000 

the pressure-loss coefficient computed in this manner hat not exceed a limit of 2*00000000 
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••• OUTPUT OF 

SPOOL* DESIGN 

ANALYSIS 









•• stator inlet 

1 *• 












ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

STfl£ A KLlNE 

RmUIaL 

MaSS*FUJK 

meridional 

a*IaL 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 


PCSPlOK 

FUNcTiOt^ 

Velocity 

V£L0 C ITY 

velocity 

VELOCITY 

NUMBER 

pressure 

Temperature 

ANGLE 


< IN) 

fLBK/SECJ 

(fps> 

(FPS) 

(FPS) 

(FPS) 


tpsn 

(DEG R) 

(DEO) 

z 

14*Iooo 

o .ooooo 

504.774 

504.655 

29*149 

5qS«558 

,24787 

108.2194 

1837,96 

3.213 

z 

]4«J9*7 

14.69746 

535.173 

534 t 66o 

40*394 

636,695 

.26330 

108*7672 

1637,96 

4,343 

3 

l*.6696 

29.37493 

557.771 

556.615 

49.717 

559,992 

.27487 

109,2000 

1837.96 

5*113 

4 

1*-^30E 

4*. 062*0 

575.163 

573. J4 0 

S6,6 2 6 

677,944 

• 28 3 B 0 

i O 9,S40Q 

1037,96 

5,646 

5 

15.1796 

58.7*987 

589,162 

506 . 063 

6l*69 5 

592*303 

,29 0 99 

109,8376 

1837,96 

6,Qq9 

6 

15.4201 

* 3*43735 

600.93ft 

596.569 

65*294 

604*473 

•29702 

1 1 0,0876 

1837.96 

6,244 

7 

l5,653o 

00.12482 

011. 1S6 

60 S, 336 

67.673 

614,09! 

,30221 

110,3095 

1837,96 

6,376 

6 

15.B794 

10Z*»lZ30 

620.215 

6J2.771 

69,001 

624,061 

,30670 

110*5100 

1837,96 

6.421 

9 

lb.1000 

1 1 7 *49977 

628.346 

519.U0 

69,39? 

632*167 

,31o6A 

110*6930 

1837,96 

6*392 




streamline 








streamline 

STATIC 

static 

SLOPE 

streamline 







NUMBER 

PRESSURE 

temperature 

ANGLE 

curv a tupe 








(PSi) 

(DEG fi> 

(DEO) 

(PER IN) 







1 

103.9 0 19 

• 1619.40 

1.241 

•00666 







i. 

1O3.B063 

1017,04 

2.507 

,00568 







3 

103.0734 

1015.19 

3.688 

•00476 







4 

l03.«630 

1013.70 

4. 80S 

.00390 







5 

I0J*«552 

1012.40 

5.879 

*0030? 







6 

103««498 

lflll.41 

6.913 

.00226 







7 

103.0467 

1810, So 

7.913 

*00149 







B 

103.0456 

1K09.6H 

8.866 

*00073 







9 

10J.K469 

1008.94 

9,034 

•*00000 












•* stator 

EXIT - ROTOR 

INLET 1 •• 












ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

RaUIAL 

mass-flow 

meridional 

a*ial 

whirl 

ABSOLUTE 

MACH 

total 

total 

flow 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

velocity 

VELOCITY 

number 

pressure 

TEMPERATURE 

ANGLE 


(IN) 

(LBM'SEO 

(FPS) 

(FPS) 

(FPS) 

* (FPS) 


(PSD 

(deg n> 

(DEO) 

1 

14,1400 

O.OOODO 

569.858 

569.656 

868.934 

1039.127 

.51806 

107.1945 

1837.96 

56,752 

2 

1**4389 

14 .6685 0 

569.658 

569.251 

866*705 

1037.264 

*5l7o9 

107.6364 

1837.96 

56«7o3 

3 

14.7306 

?9. 37700 

569.850 

560.646 

Aft?. 18* 

IQ 31.489 

»SUli 

108*0808 

1817.9* 

Kft.MCl 
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4 

lb.01b7 

44.06549 

b69.8b6 

b67,H56 

056,045 

1020,373 

, S 1246 

108,3908 

1037,96 

56,442 

5 

jS.244b 

50.75399 

569. 8b0 

566,092 

849,000 

1022*516 

.50942 

108,6630 

1837,96 

56,266 

6 

lS.bf.H4 

73*44249 

569,858 

565,764 

- 841*524 

.1016*317 

*50620 

108.8920 

1837,96 

56,067 

7 

15**369 

00.13099 

569.658 

564,402 

833* 9 0fl 

1^10 *020 

*50 2 93 

109.0944 

1837,96 

55*905 

6 

1*.1Q04 

ioa.*i’4’ 

669.R5S 

563,033 

826*323 

1003*767 

,49969 

109,2778 

1037,9ft 

55,730 

9 

14 *36(10 

1 1 7 »5q790 

569,058 

561,486 

818,835 

m,6ii 

,49650 

109,4457 

1837,96 

55,561 





STREAMLINE 




RELATIVE 

relative 

RELATIVE 

RELATIVE 

streamline 

STATIC 

STATIC 

SLOPE 

STREAMLINE 

BLADE 

RELATIVE 

MACH 

total 

total 

FLOW 

NUMBER 

pressure 

TEvREHaTUHe 

ANGLE 

curvature 

velocity 

VELOCITY 

NUMBER 

pressure 

temperature 

ANGLE 


(P5IJ 

<OEO R> 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(deg R] 

(OEG) 

1 

09.9951 

1759.54 

1,520 

oOOOOO 

573,29? 

**1,903 

,3200* 

96.2945 

1709.47 

27.429 

2 

90**659 

i 759,83 

2.646 

•00000 

585,411 

*35,503 

.31681 

96,6670 

1709,15 

26*296 

3 

96.9140 

1760.39 

3.737 

•00000 

597,237 

*28,439 

•31324 

97,0034 

1789.07 

24,902 

4 

91.3415 

1?61.16 

4,006 

•OOOOQ 

608*797 

*21*184 

,30955 

97,3)23 

1709, : e 

23*529 

5 

91 «7i*69 

1762.03 

5.848 

•0000 0 

620*113 

*14,107 

•30595 

97.6021 

1789.42 

21*907 

6 

92*1318 

1762.95 

6.872 

• ooooo 

63l.2oS 

*07,431 

.30254 

97.0766 

1789.74 

20.392 

7 

92*4976 

]763,0B 

7,876 

• ooooo 

642*o9fl 

*01*276 

.29940 

90,1454 

179o,13 

18*760 

8 

92*6461 

1764,79 

8.063 

.ooooo 

652.704 

595,696 

.29655 

90.4050 

1790,56 

17,130 

9 

93,1781 

1765.69 

9.834 

• OOOOO 

661.300 

S9q,702 

.29398 

98,6588 

1791.02 

15,403 





©» 

STAGE exit 1 

1 •* 













absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

STREAMLINE 

MOJAL 

MASS-FLOW 

mehioional 

AXUL 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 

NUMBER 

position 

function 

VELOCITY 

VELOCITY 

velocity 

velocity 

number 

pressure 

TEMPERATURE 

angle 


(IN) 

(LeM/bEC) 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PS1) 

<DEG R) 

(DEG) 

1 

1 4 * I H 00 

0.00000 

b74.*93 

574,269 

-113*072 

595,515 

.29393 

90,1391 

1756,34 

-11*130 

2 

14, 496* 

14.60731 

569.220 

568.632 

-119.71? 

581*673 

*29 2 16 

80.0078 

1754,13 

-11,889 

3 

1*,0O00 

29.37463 

564.013 

562,057 

-124,701 

*77,651 

*29027 

80.0334 

1752,25 

•12.500 

4 

lb. U76 

44.06194 

556.866 

556.971 

.120,502 

573,467 

.2882? 

87,9763 

1750.64 

-13.000 

5 

lb, 4232 

58.74926 

553.772 

550,977 

-131. *2) 

569,153 

.28619 

87.9)71 

1749,23 

-13.416 

6 

J5.7260 

73.43657 

540,727 

544,870 

-133,509 

564,735 

,20404 

87,8663 

1747.97 

-13,768 

7 

10,0262 

00,12339 

543,723 

538.677 

-134,907 

560,229 

.28104 

67,7944 

1746,01 

•14.060 

6 

1**3241 

l02«8l 120 

530,758 

532.370 

-13S.9S 0 

555,646 

,27959 

07.7314 

174S.74 

-14,325 

9 

1^*6200 

H7.49851 

533*026 

525.903 

-136,46ft 

&So*99 2 

.27730 

07.6675 

1744.73 

-14,544 





streamline 




RELATIVE 

RELATIVE 

relative 

relative 

streamline 

static 

STATIC 

slope 

streamline 

BLADE 

relative 

MACH 

total 

total 

flow 

NUMBEP 

PRESSURE 

TehPE«aTURE 

ANGLE 

curvature 

velocity 

velocity 

number 

PRESSURE 

Temperature 

angle 


(PSD 

(DEG R) 

(DEG) 

<PE« IN) 

(FPS) 

(FPS) 


(psn 

(deg R) 

(DEG) 

1 

83.2333 

1731.26 

* J.520 

0,00000 

574,914 

896,307 

,44994 

95,0663 

179o.03 

-50,147 

2 

8J.2417 

1729,33 

2*605 

0*00000 

587*742 

’08*026 

.45607 

95,4173 

1789,69 

-51,20’ 

3 

83*2506 

1727.04 

3,668 

0*00000 

600* Afl8 

’l8. 700 

,46)64 

95.7*26 

1789,50 

-52*183 

4 

83*2599 

17 2 6,S3 

4*719 

0,00000 

6l2*9 2 9 

’20*531 

•46675 

96.0464 

1789,65 

-53*089 

5 

03.2694 

1725.54 

5,760 

0,00000 

625,320 

’37,721 

,’7151 

96,3342 

1709,06 

-33,942 

6 

03*2790 

1724.64 

6.790 

0*00000 

637,59a 

’46.415 

.47601 

96,6097 

17’0*1€ 

-54,754 

7 

63*2306 

1723.85 

7*812 

0,00000 

649,765 

’54.710 

,40029 

96.8756 

1790,53 

-55*333 

B 

61.2982 

1723,15 

8.526 

0. OOOOO 

661 , 84 * 

’62,671 

.48*40 

97.1334 

1790,94 

-56.204 










eJ.Joro 

1722.52 9,83* 

0.00000 673.8*1 970.339 

*• STAGE 1 PERFORMANCE •* 

.♦8fl3* 

97.38*3 

1791, *0 



STREAMLINE 

5TATCH 

ROtON 

STATOR 

pressure 

loss 

ROTOR 

Pressure 

LOSS 

STATOR 

rlade Row 

ROTOR 
8LAOE ROW 

ROTOR 

iscntropIc 

stage 

isentropic 

kumher 

reaction 

reaction 

COEFFICIENT 

COEFFICIENT 

EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

1 

•*d&52 

♦71625 

•05907 

♦ Ul7fl 

.94952 

.90907 

.92913 

.80710 

2 

♦51741 

.69987 

.♦06218 

•11047 

♦94696 

.91057 

.93040 

,80744 

3 

•5*l8« 

♦68«o5 

♦06489 

•1Q076 

.94499 

♦*1261 

.93197 

.88854 

♦ 

•56200 

♦ 66900' 

♦06725 

♦10686 

♦94321 

♦91477 

.93353 

.80980 

5 

♦57934 

♦65489c 

♦06939 

♦l0*9 4 

•94155 

.91686 

•93498 

.89104. 

6 

.59477 

•64182 

.07141 

•10313 

,93994 

.91080 

.93629. 

.89210 

7 

♦60879 

♦62980 

.07335 

♦10149 

♦93839 

.92058 

.93746 

♦89320 

6 

• 62 1 7 o 

•61880 

.07514 

•10006 

.93692 

.92214 

.93046 

•22 4 1* 

9 

♦63368 

•6Q876 

•07602 

•09886 

•93552 

•92350 

.93930 

,en42 


* kass-averageo quantities « 

STATOR BlAOE-ROW EFFICIENCY 

B 

♦94101 

rotor BLADE-ROW EFFICIENCY 

S 

,91650 

STAGE WORK 

• 

24.194 BTU PE« LBN 

STAGE TOTAL EFFICIENCY 

• 

• 09090 

STAGE STATIC EFFICIENCY 

■ 

.72046 

STAGE BLADE- TO jET-SPECd RATIO 

m 

,47966 






•• stator 

EJtH . ROTOR 

INLET 2 «»* 












ABSOLUTE 

ABSOLUTE 

ABSOL&dfcjfcAB SOLUTE 

STREAMLINE 

RaOIaL 

m*ss-flow 

meridional 

axial 

whirl 

absolute 

hach 

total 

total 

FLOW 

NUMBER 

position 

function 

velocity 

velocity 

velocity 

velocity 

NUM tiE R 

pressure 

temperature 

ANGLE 


(IN) 

(LBM/SEO 

(FPS) 

(FPS) 

IFP5) 

(FPS) 


(PSD 

(DEG R) 

(DEG) 

1 

1* .2200 

0.00000 

553.538 

553.341 

894. Tip 

1052,096 

.53689 

86.8416 

1756-36 

58,265 

2 

14.5833 

14.68746 

553.530 

552.940 

871.6q 0 

1032-516 

.52677 

06,8401 

1754.15 

57.609 

3 

1*.9,36q 

29.37*92 

553.536 

552.344 

650-007 

1014-422 

.51741 

66.6326 

1752.26 

56.966 

4 

15.2791 

44.06230 

S53.530 

551.560 

829.949 

997.606 

•50871 

06.8199 

1750.65 

56.393 

S 

15.6137 

58.74984 

553.538 

550.626 

811.000 

901.099 

.50057 

86,8027 

1749.23 

55,826 

6 

15.9404 

73.43730 

553.538 

549.529 

T93.091 

967.160 

.49293 

06,7817 

1747.97 

55.282 

7 

16.2599 

88.12476 

553.538 

548,280 

776.099 

933.275 

.48574 

06.7574 

1746,81 

54.760 

8 

16.5730 

102-0122 2 

553.538 

546.9U 

759,9ig 

940.150 

.47095 

86.7303 

1745.73 

54.250 

9 

16.8000 

117,49968 

553,538 

545,405 

744.464 

927,702 

,47251 

06,7006 

. 1744,72 

53,773 
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streamline 




RELATIVE 

relative 

RELATIVE 

RELATIVE 

STREAMLINE 

static 

static 

SLOPE 

5TREAHLINE 

BLADE 

RELATIVE 

MACH 

TOTAL 

total 

FLOW 

number 

PPESSLRE 

temperature 

ANGLE 

curvature 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 


(PSI) 

(Ota R» 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

<deg R) 

(DEG) 

1 

71*9619 

1675,39 

1,528 

•*00000 

576.535 

638,466 

.32581 

77,1991 

1705.21 

29,899 

z 

72,*5b8 

1676.16 

2.662 

••QOO0O 

591,265 

620.477 

,31656 

77,4264 

1704,33 

26.885 

3 

72.9031 

J676.99 

3*763 

-•ooooo 

605.564 

605.141 

,30866 

77.6519 

1703.77 

23.879 

4 

73.3100 

1677.84 

4.835 

-•ooooo 

619.477 

592.201 

.30198 

77.0764 

1703,50 

20.886 

5 

73*8820 

1678,71 

5,879 

•,00000 

633.04o 

581.441 

,29642 

78.1003 

1703,44 

IT, 911 

6 

7**0234 

1679.56 

6.9Q0 

"•OOOOO 

646,286 

572,674 

,29i87 

78,3243 

1703.53 

14,957 

7 

74.3377 

1680.33 

7.897 

-•ooooo 

659.243 

565.738 

.28827 

78*5487 

1703.74 

12.031 

8 

74.6281 

1601.07 

8*875 

-.00000 

671.93 5 

560*467 

.28553 

78.7740 

1704.05 

9.139 

9 

74*8971 

1681*76 

9.834 

"•OOOOO 

604.302 

556.789 

.28359 

79.0005 

I 7 Q 4.44 

6.286 





•• 

STAGE EXIT 2 

•ft 













ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

RaOIaL 

MaSS-fLOW 

MERIDIONAL 

axial 

WHIRL 

absolute 

MACH 

total 

total 

FLOW 

NUMBER 

position 

function 

VELOCITY 

velocity 

velocity 

velocity 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


(16) 

(LHM/SEO 

(FPS) 

(FPS) 

(FPS) 

(FPS) 


(PSD 

(DEG R) 

(OEG) 

1 

14.2600 

0 . OOOOO 

577.815 

577,609 

-139,703 

594.463 

*30594 

69,8446 

1669.17 

-13.597 

2 

14.6360 

14.66735 

571.54& 

570,954 

-142*249 

588.984 

• 3 0 3 33 

69.7842 

1666.43 

-13*990 

3 

15.0063 

29,37471 

565,376 

564,210 

-1**, 107 

583,452 

.300*5 

69,7226 

1664,05 

•14,328 

4 

15.3716 

44.06206 

559.288 

557,3Bo 

-1*5.365 

577, 87o 

,29792 

69,6600 

1661 . 9a 

•14*617 

5 

15.7324 

50.7*941 

553,275 

55 o*468 

“l46,loo 

&7 2*2*0 

.29514 

69.5965 

l66g«i6 

-14.864 

6 

1 6,oe9 2 

73.43676 

547, 32 S 

543.475 

-146,353 

566.556 

•2 9 231 

69.5321 

1 658.53 

-!5,07 2 

7 

16,4424 

88,12412 

541,440 

536,403 

-146.149 

560,818 

.26944 

69,4670 

1657.06 

-15.241 

8 

16,7926 

102.01147 

53b, 605 

529,254 

-145, S39 

555.026 

.26653 

69,4012 

1655,72 

•15.376 

9 

17,1400 

117,49802 

529,815 

522,031 

-144,584 

549,189 

,2B 3 58 

69,3349 

1654,49 

•15.481 





streamline 




Relative 

RELATIVE 

Relative 

Relative 

streamline 

static 

static 

SLOPE 

streamline 

BLADE 

relative 

MACH 

total 

total * 

flow 

number 

PRESSURE 

temperature 

ANGLE 

curv a ture 

velocity 

velocity 

number 

PRESSURE 

TEMPERATURE 

ANGLE 


(PSD 

(TjEG R) 

(OEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

<OEG R) 

(DEG) 

1 

65,6354 

1643,13 

1,528 

0,00000 

570,157 

*21,516 

.47*26 

76,0860 

1705,71 

"51.179 

2 

65,6*75 

16*0.87 

2.612 

*00000 

593,402 

931.58* 

,*7977 

76.3583 

1704.02 

•52.104 

3 

65*6594 

16J8.96 

3.600 

*00000 

608,416 

9*1,2** 

.40502 

76,6220 

1704.25 

-53,139 

4 

65*6712 

1437.37 

4*733 

*00000 

623*226 

’50.544 

*49005 

76,8760 

1703.96 

-54*050 

5 

65.6827 

1636,03 

5,774 

•ooooo 

637,85* 

959,529 

.49409 

77,1273 

1703,88 

-54,925 

6 

65*6939 

1634.88 

6.803 

*00000 

692*320 

968,218 

,49955 

77.3703 

1703,96 

-55*766 

7 

65.70*8 

1633.60 

7.022 

•ooooo 

666. 64? 

976.620 

•50*03 

77.6073 

170*. 17 

-56.377 

6 

65.7153 

1633,02 

8.032 

,00000 

600.839 

9B*,770 

.50838 

77,8388 

1704,48 

•57.362 

9 

65*7254 

1632,27 

9,834 

,00000 

69* ,92* 

992,712 

.51259 

78,0660 

1704,09 

-30,125 


•• ST*OE * PERFORMANCE •• 
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StcEAMUSE 

nuhuer 

SUlQR 

RfcftCTjON 

RoTow 

REACTION 

stator rotor 

PRESSURE PRESSURE STaToR 

loss LOSS 0LAOE Row 

coefficient coefficient efficiency 

ROTOR 
8LAUE ROW 

EFFICIENCY 

rotor 

1SENTR0P1C 

EFFICIENCY 

stage 

iStNTROPJC 

EFFICIENCY 



3 

a 

3 

4 

5 

6 

7 

8 
9 

.55652 

.56335 

.5694* 

♦57*84 

.57965 

,503*3 

.58769 

•59302 

.5*393 

♦6*264 
♦66605 
,642*2 
•62301 
.60597 
.5*1*7 
♦57928 
,$69i 5 
,56068 

♦08719 

,08673 

.08620 

,08559 

.06*9* 

•08*23 

,08350 

•08273 

,08192 

*11375 

,13607 

♦101QT 

.09620 

.0921* 

,08889 

•086*1 

»O046i 

•0833R 

*92058 

,92862 

*92876 

.92898 

,9292* 

*92959 

,92997 

,9303ft 

*93o8* 

,90908 

*91450 

-91931 

,923*9 

.927Q3 

,92991 

.93215 

.93380 

,93492 

.92929 

♦9325? 

*93551 

*93605 

*94015 

*94101 

,94299 

,94372 

,94405 

.87167 

*87703 

*90193 

,00634 

*89025 

,89352 

*896*7 

,B9aao 

*80067 






* mass-averaged quantities « 








STATOR Bt*O£«i?0* EFFICIENCY a 

,929*1 








ROTOR 6LADE-W0W EFFICIENCY a 

*92528 








STAGE *0rk a 
STAGE TOTAL EFFICIENCY » 
STAG? STATIC EFFICIENCY * 
STAGE BLADE- TO JET-$pE£D RATIO a 

24*193 STU Per LB* 

.85883 

»7i?5S 

,48055 








»* STATOR exit - ROTO* INLE*T"3 *• 





STReaMUHE 

hUHQfcM 

«*OIaL 

PC&lTiOS 

UNI 

m a ss-fujw 

FUNCTION 

ILHH^SEC* 

RERlOttMAL 

VELOctTr 

<fPS> 

„ A*Ul 
velocity 
(fpsj 

WHIRL 

Velocity 

(FF$) 

«» 

tFPSl 

ABSOLUTE 

hach 

num HE 8 

absolute 

total 

PRESSURE 

IPSH 

ABSOLUTE 

total 

temper* tuRe 

(QE 6 

ABSOLUTE 

FLOW 

ANGIE 

«£}£$* 

1 

2 

3 

4 

5 

6 
7 
3 
9 

^•3003 
^•7g93 
|S* 1 **D 
i 5,5456 
*5,93*5 
*6*3353 
*6, 6853 
*7 *o*M 
37,4000 

0,00000 
34.687*6 
29,37491 
44,06237 
5b, 7*V03 
73.43729 
0B.ia*7* 
1 O 2 , 0322 O 
137.49966 

558.710 
5b8.7io 

555.710 
55«,7io 
55^,730 

550.710 

558.710 

550.710 
550*710 

S58*5J2 

550.100 

557.*89 

556,698 

555,7*1 

554,633 

553,384 

552,004 

550,503 

8?i*3ot 

R*4,6iS 

830*039 

797^25* 

775,000 

756,06* 

737,272 

7x9,479 

702,567 

t 035.0&2 
1012*6BS 
992*200 
^3,535 
956.208 
9*o,I01 
*25.055 
9x0.938 
097,6*0 

,5*1*7 

.52967 

,51089 

,5qS99 

a *99«3 

*49131 

.40336 

.47590 

•46807 

60.7693 

60,7626 

68,7*99 

68.7321 

68,7101 

68,66*5 

68.655B 

60.62*5 

68,5908 

1669,19 

1666,45 

1664.0ft 

16*1,99 

1660,16 

1650,53 

1657,06 

1655.71 

1654,49 

57,3*0 
56,544 
55«79| 
55,075 
54,391 
53.737 
53*109 
52 »So* 
51*9x9 

streakune 

ftUKQER 

StAtjC 

PRESSURE 

(psn 

static 

T£9PER*?U&E 
(DEO «> 

streamline 

SLOPE 

ANGLE 

(DE 01 

51REAHL1NE 

CURVATURE 

(PER 1N> 

blade 

velocity 

fFPS) 

relative 

VELOCITY 

(FPSl 

relative 

MACH 
* NUH8ER 

RELATIVE 

total 

pressure 

<P$I> 

relative 

total 

TEMPERATURE 

<0E3 R> 

relative 

FLOW 

ANGLE 

IOEOI 

1 

2 

3 

4 

56,7326 

57,2373 

$7.6*37 

5*i.UR39 

.1590,24 

1590,87 

1591,50 

1592,14 

1,528 

2*678 

3.709 

4.865 

0,50358 

0*03800 

o.oooco 

0.00000 

579,779 

597*186 

613*997 

630*280 

633, *9$ 
611*04? 
595,49a 
*03.1 27 

,32968 

,31960 

,31140 

.30407 

61,8270 

61,2515 

63 , 47*6 

61.6972 

1619,50 

1618,39 

1617,6* 

1617.20 

27,563 

23*918 

20*2«4 

16*696 
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b 

b»*3302 

1392. fts 

5.910 

o', ooooo 

646.09o 

573.615 

,29904 

61.9199 

1617,03 

13,157 

6 

50.62S5 

lb93,*o 

6.927 

0*00900 

661 *47^ 

566.66Q 

.29615 

62*1431 

1617.06 

9*678 

7 

5H.89M 

1593.99 

7*918 

0*00000 

676*479 

562*008 

*29366 

62*3675 

1617,27 

6*269 

8 

5^.1393 

159**56 

8. 806 

0*00900 

691*13! 

559.429 

•29226 

62,5932 

1617,62 

2*940 

9 

69.3639 

1595. U 

9.834 

0*00000 

705,465 

550*718 

.29184 

62.8206 

1616,11 

-.302 






•0 

STAOE EXIT 3 

• 6 












ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

STREAMLINE 

RaOIaL 

M/jSS-FLOrf 

meridional 

a*ul 

whirl 

absolute 

hach 

TOTAL 

total 

FLOW 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

velocity 

velocity 

nuhbe* 

PRESSURE 

TEHPER*TufiE 

ANGLE 


(IN) 

«L 0 H/SEC» 

(FPS) 

(fps) 

ifp$> 

CFPS) 


IPS1) 

< 0 EO R> 

(DEG) 

1 

1* • J4QQ 

0*00000 

601*165 

600.951 

-157,070 

621*347 

♦32837 

54,T 0 74 

1581*13 

-14.640 

2 

1 #* 7 77o 

14*08720 

593*882 

593,261 

-159, 49 n 

614,925 

♦32526 

54.6495 

1577,84 

-15*047 

3 

15*2061 

?9*37<,«j7 

566*730 

505*511 

-161*057 

608*434 

*32206 

54*5900 

1574*96 

-15*380 

4 

15.6282 

44.06105 

579,695 

577. T03 

-161,08? 

601 . 87a 

.31879 

54.5291 

1572,44 

-15.654 

5 

10.0442 

50,749i3 

572.761 

569.830 

-162,046 

'*95.243 

.31544 

54,4669 

1570.23 

-15.074 

6 

16.4547 

73.43641 

565,919 

561916 

-161,647 

588,55? 

.31203 

54,4036 

1560,20 

-16,049 

7 

16.0605 

88.12370 

559. 1 S 6 

553,930 

-160,003 

501,619 

,30850 

54,3396 

1566,54 

-16,108 

8 

17.2621 

102*81098 

552*463 

545,903 

-159,602 

575,055 

.30509 

54.2751 

1564*96 

-16.297 

9 

1 7 « 66 uo 

ll*. 49826 

545*031 

537,012 

•158*090 

568,266 

*30156 

54.2103 

1563.58 

-16*302 





streamline 




RELATIVE 

relative 

relative 

relative 

STREAMLINE 

static 

static 

SLOPE 

streamline 

BLADE 

relative 

MACK 

total 

total 

FLOW 

NUMBER 

PRESSURE 

Te»pe«aTuhe 

ANGLE 

CURV a TURE 

Velocity 

velocity 

num 0E « 

PRESSURE 

temperature 

ANGLE 


<psn 

f DEG R) 

(QEG) 

tPE« IN) 

(FPS) 

(FPS) 


(PSD 

<oeg R) 

(OEG) 

1 

50*9100 

1652.36 

1.528 

,00000 

581.401 

952.234 

,50323 

60*1455 

1619,93 

-50,062 

2 

50*9324 

1349,66 

2*621 

*00000 

599*117 

963.421 

*50959 

60*4122 

1618.03 

-51*973 

3 

50*9465 

1347.37 

3*694 

*00000 

616,514 

974.099 

.51562 

60.6695 

1610.00 

-53*020 

4 

50*9602 

1345.45 

4.750 

.00000 

633*629 

984*319 

*52135 

6O*9i0O 

1617,65 

-54*013 

5 

50.9735 

1543.03 

5,79! 

-.00000 

650,495 

994,122 

,52682 

61.1503 

1617,47 

-54,950 

6 

50*9862 

1542,47 

6.010 

-*00000 

667*141 

1003. 57o 

.53206 

61,3916 

1617,52 

-55.063 

7 

50*9904 

1541.31 

7.833 

-•OOOOD 

603*593 

1012*749 

•53713 

6l,6i98 

1617.74 

-56.734 

a 

si*oioi 

1540.34 

0.838 

-,00000 

699,074 

1021.721 

*542*6 

61.8440 

U1R.13 

-57*570 

9 

51*0212 

1539.51 

9.834 

-,00000 

716,007 

1030.529 

,54600 

62.0654 

1618,65 

-50,397 





*• STAqE 3 PERFORMANCE •« 







STATOR 

ROTOR 








PRESSURE 

pressure 

stator 

ROTOR - 

ROTOR 

. STAGE 

STREAMLINE 

sTaToh 

ROTOR 

LOSS 

LOSS 

blade Row 

BLADE ROW 

ISENTROPIC 

ISENTROPIC 

NUMBER 

reaction 

reaction 

COEFFICIENT COEFFICIENT 

efficiency 

efficiency 

EFFICIENCY 

EFFICIENCY 

1 

.57433 

•66181 

.08970 

•10104 

*92686 

.92126 

*93316 

.87560 

2 

*50161 

*63425 

*09863 

•0*476 

♦9 2 731 

*92666 

*93671 

.88105 

3 

•50799 

*61133 

*08756 

•O09 O2 

•92700 

*93124 

.93973 

*08734 

4 

.59359 

*59242 

.08649 

•00444 

.92833 

.93499 

.94216 

.09200 

5 

.59845 

•57701 

*08339 

*05103 

*92091 

.93788 

,94396 

*09605 
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b 

.602*6 

.56464 

.00427 

.07B5a 

.92954 

,93997 

,94515 

,89929 

7 

.#>0625 

.55493 

•00310 

.07600 

.93023 

.94140 

,94560 

.90190 

a 

.60929 

.54754 

.08109 

♦07SB2 

.93098 

.94227 

,94598 

,90395 

9 

•bllfll 

.54217 

.00064 

.07527 

«93l 7? 

,94264 

.94571 

,9q547 


* HASS-AVERAGED QUANTITIES • 

STATOR BlADE-ro* EFFICIENCY 

a 

,92905 

ROTOR BLADE-ROW EFFICIENCY 

B 

.93500 

STAGE work 

m 

24.194 BTU PER LBN 

STAGE TOTAL EFFICIENCY 

• 

-99412 

STAGE STATIC EFFICIENCY 

W 

.70*75 

STAGE BLADE- TO JET-SPEED RATIO 

8 

.49553 






*• STATOR EXIT - ROTOR INLET 4 ** 












ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

Radial 

MaSS-FLO* 

MERIDIONAL 

A*UL 

whirl 

absolute 

HaCH 

total 

TOTAL 

FLOW 

nuhbe k 

position 

FUNCTION 

velocity 

velocity 

Velocity 

VtLOcitY 

NUHheR 

pressure 

TeNPERaTuRe 

ANGLE 


1 IN) 

<LBN/SfcC) 

(FPS) 

(FPS ) 

(FPS) 

(FPS) 


(PSD 

<deg rj 

(OEG) 

1 

14,3000 

0.00000 

582.490 

. 562,283 

046,937 

1027.909 

,55210 

53.0230 

1501.14 

55.491 

2 

14.0769 

14.60745 

502*490 

561,047 

816,640 

1003*263 

,53BB6 

53,8145 

1577.85 

54.537 

3 

15*3944 

29«3749g 

St>2*4?0 

5 e l*200 

709,459 

VB 1 *n 9 i 

.52689 

53,7994 

1574.97 

53.63’ 

4 

15.0140 

44»0ft236 

582*490 

560,367 

764.299 

960.962 

.5 160 i 

S 3 . 7794 

1572*44 

52.789 

5 

V.2601 

50,74901 

5B2.49Q 

579 364 

741,000 

942,537 

,50605 

53,7551 

157o,23 

51,979 

6 

l6.69]9 

73,43726 

582,490 

570,208 

719,274 

925,554 

,49606 

S3,7 2 7i 

1566.28 

51,205 

7 

17.1118 

60.12471 

502.490 

576.910 

69B.09p 

9o9,8o5 

.48034 

53,6961 

1566.53 

50.462 

6 

1 * *5200 

102.01217 

502.490 

575,402 

679,672 

895*125 

*48 0 39 

53.6624 

1564.97 

49.745 

9 

17.9 2 00 

117.4996 2 

se 2 ,49o 

573,932 

661 ,46p 

801.370 

,47 2 95 

53*6265 

1563,57 

49.053 





streamline 




RELATIVE 

relative 

relative 

relative 

streamline 

STATIC 

static 

SLOPE 

streamline 

blade 

relative 

hach 

total 

total 

FLOW 

NUMBER 

PRESSURE 

temperature 

ANGLE 

curvature 

Velocity 

velocity 

NUHbeR 

pressure 

TewperaUiRe 

ANGLE 


(PSD 

(OEG R) 

COEG) 

(PER IN) 

(FPS) 

(FPS) 


(PSD 

(QEG R) 

(OEG) 

1 

44,001? 

1502,40 

1 .S 28 

0,00000 

563,022 

639,489 

,34353 

47,6813 

1532,08 

24,382 

2 

*4 ,4053 

1502.04 

2.694 

»0oooo 

603.171 

620.446 

.33325 

47,0979 

1531.53 

20.165 

3 

44.0301 

1503,24 

3.814 

.00000 

622.528 

6 0 5.93B 

.32541 

48*1136 

1530.60 

16.025 

4 

45.1409 

1S03.63 

4.694 

*00000 

641*193 

595,357 

,31969 

40.3292 

1530.04 

11.976 

5 

45.4249 

1504.03 

5.939 

.ooooo 

659,240 

580,199 

.31580 

48 ,S454 

1529,0] 

8.032 

6 

45*6714 

1504.44 

6,952 

*00000 

676. 75fl 

504,040 

.31353 

40,7627 

1529,86 

4.205 

7 

45.8929 

1504,85 

7,937 

*00000 

693.70! 

582.513 

.31267 

46,9017 

1530*14 

.5qB 

8 

46*0927 

1505,26 

0,897 

,00000 

710*364 

583.290 

.31304 

49,2026 

1530.62 

-3.053 

9 

46,273? 

1505,68 

9.834 

,00000 

726,548 

686,115 * 

,31451 

49,4260 

1531,26 

**6,47o 


•• qTAflF EXIT 4 •• 
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streamline 

RAOUL 

HaSS-FLOW 

MERIDIONAL 

axial 

WHIRL 

absolute 

ABSOLUTE 

MACH 

ABSOLUT^ 

total 

ABSOLUTE 

total 

ABSOLUTE 

FLOW 

NUMBER 

position 

FUNCTION 

VELOCITY 

velocity 

velocity 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 

. 

tlN) 

CLB^/SECJ 

(FPSJ 

• (FPS) 

(fpsi 

ifps» 


IPSI) 

IdEG r> 

(DEG) 

I 

1***20Q 

0*00000 

644,625 

644,^96 

-175.292 

660,033 

.36352 

42,2898 

1492.05 

-15.218 

2 

l*.9j97 

14.6072? 

636.297 

635.626 

-177.390 

660,561 

.35984 

42.2335 

1408,19 

•15.593 

3 

lS,A()66 

29,3745* 

020,1*8 

626,830 

•178,518 

653,023 

,35606 

42.1753 

1*04,01 

-15,097 

♦ 

lb f 6GHi 

44,0*161 

«>20,lS6 

616,007 

-178,613 

6*5.42o 

,35210 

42.1155 

1401,65 

-16,137 

5 

16.JS9* 

sa,749 0 a 

*12,302 

609,!54 

-178,447 

637.775 

,3*023 

42.0544 

1479.20 

-16,328 

6 

l6*«234 

73.43635 

604.569 

600. ?7o 

-177,508 

630*112 

,3*422 

41.9924 

1477,02 

-16,40! 

7 

lT* 28 io 

89.12362 

596,9*2 

591,352 

-176.355 

022*448 

*34019 

41,9300 

1475.03 

- 16 . 6 q 6 

B 

17*7329 

102*«1089 

589 .409 

502,399 

*174.628 

6J4.79! 

.33612 

41.8673 

1473.20 

-16.7 0 9 

9 

|8«|800 

U7,496i5 

561.958 

573. *08 

“173,057 

607.144 

.3320* 

41,3044 

1471.74 

•16,794 





streamline 




Relative 

RELATIVE 

Relative 

relative 

streamline 

static 

static 

SLOPE 

streamline 

BLADE 

relative 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

PRESSURE 

temperature 

angle 

curvature 

velocity 

velocity 

number 

pressure 

TEMPERATURE 

ANGLE 


(psn 

(OEG Rl 

(DEG) 

(PEH IN) 

(FPSI 

(FPS) 


(P5I) 

(deg R) 

(DEO) 

r 

30.7226 

1*50,42 

1.520 

-,00000 

504,644 

996,516 

,S4 22 7 

46,9850 

1533,26 

-49.703 

2 

30.7390 

1*55,31 

2,631 

-,00000 

60*,903 

1000,393 

,3*932 

47,2382 

1531,9* 

-50.906 

3 

38,75*9 

1452,67 

3.711 

-,00000 

624,727 

1019,693 

55598 

47,4800 

1531,03 

-52,033 

4 

30*7701 

1450.46 

4.771 

•« 0Q000 

644,169 

1030*402 

,56229 

47.7144 

1530.49 

-53*096 

5 

30.7047 

1 448.62 

5*012 

•00000 

663*275 

1 0*0,870 

.56832 

47,9406 

1530. 2 ? 

-54*107 

6 

38.7985 

1447,10 

6,837 

;ooooo 

662,087 

1050,973 

.57414 

40.1616 

1530,34 

-55,075 

7 

38.8116 

1445,84 

7,840 

• 00000 

700*639 

1060*976 

,57900 

40.3790 

1530*65 

—56*000 

8 

30*02*1 

1444, 8 0 

0,046 

•00000 

710,964 

107q*638 

.50535 

40.5941 

1531.10 

-56, *12 

9 

30.8359 

1443,96 

9,034 

• 00000 

737.090 

1080,h98 

,59080 

48,8075 

I53l.9j 

-57*700 





*« STAGE 4 PERFORMANCE •* 






streamline 

ST A TQR 

ROTOR 

stator 

PRESSURE 

loss 

ROTOR 

PRESSURr 

LOSS 

stator 

H l ADE ROW 

rotor 
blade row 

roTor 

isentropic 

stage 

isentropic 

number 

Reaction 

reaction 

coefficient coefficient efficiency 

efficiency 

efficiency 

efficiency 

1 

,60448 

.64172 

,09070 

.00950 

.92651 

.93202 

,93656 

.87915 

2 * 

•61293 

•61528 

.08950 

•00289 

*92699 

.93690 

*94017 

.88574 

3 

♦62016 

.59424 

,00822 

•07777 

.92758 

.9*095 

.94303 

,89137 

4 

*62632 

•57775 

.00687 

*07*05 

.92029 

.9*395 

*94513 

.89605 

5 

•63153 

•56510 

•08545 

•0714* 

♦ 92908 

.9460’ 

.9*650 

•89986 

0 

*63589 

*55571 

.08398 

•06969 

.92996 

*94752 

.94726 

•90292 

r 

.63950 

•549o9 

.00246 

, 06862 

.93009 

.9*033 

,94746 

.9 0 S29 

0 

•64243 

•54401 

• 001)95 

•068lfi 

.93187 

.9*862 

.94715 

*9 0 7 0 3 

9 

,64475 

.54255 

.07940 

« 06®06 

*93209 

,9*043 

*94637 

©9g82 0 


* HASS" averaged quantities" • 
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STATOR 0LAOE-RO W EFFICIENCY * *92923 

ROTOR dLAOE-ROtf EFFICIENCY • *94*00 


STAGE work a 

STAGE TOTAL EFFICIENCY ■ 

staoe static efficiency « 

STAGE BLADE- TO JET- 3 PEE 0 RATIO o 


24.19* BTU PER LBM 

♦89774 

•69084 

•49047 


•« STATOR EXIT • ROTOR INlLT 5 •* 









ABSOLUTE 

absolute 

absolute 


ABSOLUTE 

STREAMLINE 

RaOIaL 

M A SS-FLOW 

MERIOIONaL 

a*ul 

WHIRL 

absolute 

M^cp 

total 

total 


FLOW 

NUhbeH 

PcSITjOS 

FUNCTION 

velocity 

velocity 

Velocity 

VELOCITY 

^NUMq E R 

PRESSURE 

temperature 

ANGLE 

UN) 

tuan'sEci 

<fpsi 

(FPS) 

<fpsi 

UPS) 


(PSD 

IdEG R) 


(OEG) 

I 

1 * *4600 

0.00000 

638*429 

638.202 

B99.36S 

1102.927 

.61249 

*1**929 

1*92.06 


54,64o 

a 

13*0293 

14.667*3 

638.429 

637, 7U 

063*130 

1073*585 

.59599 

*1,4850 

1*88.19 


53.542 

3 

7 06 

29*37485 

638.429 

636.99! 

830*606 

10*7,615 

.58|*i 

*l*47o5 

1 * 84,61 


52.515 

4 

10*0905 

44.06228 

630.429 , 

636 . 066 

801*075 

1®2*» 360 

*56837 

*1*4505 

1*01.86 


5J.550 

S 

10.5910 

58.74971 

638.429 

634,961 

774,000 

1003,328 

,55658 

* 1 .*259 

1*79.20 


50.636 

6 

1 T.q7*a 

73.43713 

638.429 

633.692 

748.973 

98* , j5o 

.54582 

*1.3976 . 

1*77.02 


49*766 

7 

l7.5%2f 

86.12456 

638.439 

632*276 

725*675 

966*538 

.53594 

*1.3662 

1*75*03 


46.935 

6 

IT. 997* 

102.81199 

638.439 

630,725 

703.85? 

950 , 363 

.52680 

*1.3323 

1*73.p8 


48*136 

9 

16.4*00 

117.499*1 

638.429 

629,0*9 

683.298 

9 35,i*o 

.51830 

*1.2962 

1*71.7* 


*7,367 




STREAMLINE 




Relative 

relative 

Relative 


Relative 

streamline 

STATIC 

static 

SLOPE 

streamline 

BLADE 

relative 

mack 

total 

total 


FLOW 

NUMBER 

pressure 

Temperature 

ANGLE 

CURVATURE 

Velocity 

velocity 

NUMBER 

pressure 

Temperature 

ANGLE 


(psii 

IHEO R) 

<{)EGI 

tPE» INI 

(FPS) 

(EPS) 


(PSI) 

(deg 0) 


<0EG> 

1 

32*4736 

1*00,38 

1.528 

0.00000 

586,266 

711, 07J 

,39488 

36,02*9 

1*38,49 


26.132 

2 

32**90* 

1*01 ,33 

2.7l* 

-*00000 

609,308 

687,035 

,38x40 

36.2258 

1*36 ,9 0 


21.70* 

3 

33.2297 

1*02.10 

3.845 

••00000 

631*295 

668*817 

,37 U 9 

36.*258 

l*35.8i 


17,375 

4 

33.5329 

1*02.78 

4.930 

-•00000 

652*375 

655.517 

.36372 

36.6254 

1*35.16 



5 

3 j*7904 

1*03.41 

5.975 

•*00000 

672.666 

6*6.421 

.35B59 

36*B 2 53 

1*3*. 9o 


6 

3**0329 

1404.03 

6,904 

•,00000 

692,265 

640,9*2 

,35547 

37,0263 

1*3* ,98 


A 5,11* 

7 

3* .24 1 1 

* 1*04.63 

7*961 

-,00000 

711,250 

638.592 

,35*09 

37,2289 

1*35,36 


* 1,307 

8 

34.4273 

1*05,23 

8.910 

-.00000 

729,687 

638.951 

•35422 

37.4335 

1435.99 

/£ 

.2*346 

9 

34.5944 

1*05.84 

9.834 

-.00000 

747,631 

6 * 1.662 

.35564 

37.640* 

1436.86 

- 5 . 83 S 

& 





•• 

STAOE EXIT 5 

«• 





*r 


STREAMLINE 

number 

Radial 

POSITION 

UN) 

MaSS-FLOW 

FUNCTION 

(LHM/SEC) 

meridional 

velocity 

(FPS) 

A*IAL 

velocity 

(FPS) 

WHIRL 

'Velocity 

(FPS) . 

absolute 

velocity 

(FPS) 

ABSOLUTE 

MACH 

number 

ABSOLUTE 

total 

PRESSURE 

(PSD 

ABSOLUTE 

total 

TEMPERATURE 
<OEG R) 

ABSOLUTE 

FLOW 

ANGLE 

(DEG) 

1 

1*.5000 

0.00000 

711*121 

710,868 

-110*051 

719.709 

o*0*3l 

32.1508 

1*02,48 

-0*063 
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z 

is«oe> 4 <? 

14.68/34 

7oi*7l8 

700.972 

-117.197 

711,438 

.40021 

32.0959 

1397.87 

-9,492 

3 

15.6141 

29. 37467 

692*553 

691*086 

-121.913 

703.202 

.39603 

32.0327 

1393.65 

•10.004 

4 

16 , lb IS 

44'*0620l 

603*596 

681,205 

-125*343 

694,992 

,39i79 

31,9694 

1390,33 

-10,426 

5 

16.6701 

58*74934 

674,819 

671,323 

-127*789 

686.812 

*38749 

31.9060 

1387,26 

-10,778 

6 

lT.1^51 

. 73.43668 

666*202 

661,436 

-129,458 

678,664 

,38316 

31,8426 

1304*50 

-11.074 

7 

17.7038 

08.12403 

657,725 

6Sl,54g 

-130*496 

670.545 

.37878 

31,7794 

1382.25 

-11.326 

6 


10<?«8ll35 

649,369 

64J.630 

-131*016 

662.454 

.37438 

31.7J64 

1380.22 

-11*541 

9 

18.7000 

117.49869 

641.121 

631.702 

-131.104 

654.389 

.36995 

31.6537 

1370.47 

-11*725 





streamline 




Relative 

relative 

relative 

relative 

STREAMLINE 

STATIC 

STATIC 

SLOPE 

STREAMLINE 

blade 

relative 

mach 

total 

toul 

flow 

NUMBER 

PRESSURE 

Temperature 

angle 

CURV A TUR£ 

velocity 

VELOCITY 

NUMBER 

pressure 

Temperature 

aNOLE 


<PS1) 

(DEO «) 

(0EG> 

(PER IN) 

CFPS) 

‘ (FPS) 


cpsn 

(deg R) 

(DEG) 

1 

20.8341 

1363,00 

1.520 

*00000 

507. 868 

996*960 

,56q06 

35,4557 

1430*76 

-44.507 

2 

28,8*03 

1359,29 

2,6*3 

*00000 

610*761 

1011.104 

,56878 

35.6877 

1*37,22 

-46,082 

3 

20*8466 

1356,15 

3,731 

*00000 

633, 0S6 

1024,504 

,57698 

35,9110 

1*36,16 

-47 ,530 

4 

‘20.0530 

1353.51 

4*794 

tOOOQQ 

654.847 

1037.304 

.58*76 

36.1270 

1435.53 

•40.875 

5 

2 0*8S94 

1 35 1 , 3 0 

5.035 

-•ooooo 

676.197 

10*9.654 

.59 2 21 

36.3376 

1*35.29 

-5().l30 

6 

28.8657 

13*9.48 

6.057 

-•ooooo 

697. 1S9 

1061*659 

.59939 

36.5442 

1435.39 

-51.334 

7 

20.07J9 

1347,98 

7.863 

-•ooooo 

7l7.7fl ? 

1073.395 

#6o635 

36,7*77 

1*35.00 

-52.473 

a 

28.8776 

1346.77 

8.855 

-.90000 

738*108 

1084.922 

•0131* 

36.9491 

1436.49 

-53*563 

9 

28.0836 

1345.82 

9.034 

-.ooooo 

758.173 

1096,289 

.01970 

37,1409 

1*37.4* 

-54,612 





** STAqe 5 PERFORMANCE *• 






streamline 

stator 

rotor 

stator 

PRESSURE 

LOSS 

ROTOR 

PRESSURE 

LOSS 

STaToR 
blade Row 

ROTOR 
BLADE ROW 

rotor 

jsentropic 

stage 

isenTropic 

NUMBER 

Reaction 

reaction 

COEFFICIENT 

COEFFICIENT EFFICIENCY 

efficiency 

efficiency 

efficiency 

1 

•60569 

.7132* 

.08834 

,09062 

,9302* 

•93265 

.93578 

.07291 

2 ' 

.61529 

.67949 

.08698 

•00324 

.93070 

.93801 

*93970 

*08051 

3 

.62334 

.65282 

•08552 

.07756 

.93131 

.94232 

.9*28* 

.86700 

4 

.63007 

.63194 

•08390 

•07322 

•93206 

.94573 

.94528 

.89252 

5 

•63566 

•61584 

•00239 

•06998 

.93 2 9 0 

.9*833 

.94706 

.89716 

6 

.64026 

.60372 

•08o7T 

.06765 

.93302 

.95020 

.9*921 

.90097 

7 

.64400 

.59493 

.07914 

• 066 to 

•93400 

*95138 

.9*87* 

*90390 

0 

.64697 

.50894 

.07749 

.06522 

.93581 

.95195 

•94860 

.90623 

9 

•64925 

•50530 

•0758* 

«0649 i 

•93686 

.95195 

.94803 

.90779 


• kass-averaoeo quantities « 

STATOR HLADE-ROW EFFICIENCY 

* 

.93312 

ROTOR BLADE-ROW EFFICIENCY 

a 

,94628 

stage work 

0 

24.194 9TU PER LBM 

STAGE TOTAL EFFICIENCY 

0 

.0948* 

STAGE STATIC EFFICIENCY 

• 

.66479 

STAGE SLADE- TO JET-SPEEO RATIO 

0 

,49849 



SPOOL PERFORMANCE summary wa^s-aveRaged OUAMTITIESI *«* 


staqs 

wu« 3£R 


1 

2 

3 

* 

5 


STAGE 


STATOP 

ROTOR 


STAGE 

stage 

BLADE- TO 

8LADE-80# 

atA&E~RO* 

ST*S£ 

total 

static 

JET-SPEEO 

EFFICIENCY 

EFFICIENT 

WORK 

(rtu/’lbmj 

EFFICIENCY 

efficiency 

Ratio 

#9*161 

*9j656 

2*. 19* 

*8909© 

.720*6 

•47966 

*92941 

*9 2 52S 

2**193 

*68683 

.71758 

♦*6BS5 

*92905 

*935*0 

2**194 

♦89412 

*70975 

♦49553 

•92929 

*9**08 

2**19* 

*89774 

,6909* 

•*9847 

•93312 

#94626 

2*. 194 

•89*B* 

*66*79 

#498*9 


SPOOL WORK * 

SPOOi POWER » 

SPOOL TOTAL** TO TOTAL-PftEssLRE *AUO * 
' SPOOL TOTAL* To STATU-PSESStme RATIO * 
SPOOL TOTAL EFFICIENCY * 
SPOOL STATIC EFFICIENCY « 
SPOOL BLADE* TO JET-SPEEO RATIO ■ 


}20*96B BTU PER LB* 
2°U°*94 H P 
3.A3867 
- 3.80172 
•9062ft 
*6*837 
•2*232 



*# PSQ3R AN T OZ ♦ AERO&fNAHie CALCULATIONS FC» T*£ DESIGN OF AXJAL IUR81NE5 ** 


OPTtxWEO FOUR STaOE VERSION OF NASA LP SPOOL aT REDUCED TIP DlAHETER 


♦## general, input DATA «*# 


NUNGER or SPOOLS » 1 

NUMBER OF SETS OF ANALYSIS V*»I*BLES * 1 

NOHB&R OF STREAMLINES * 9 


oas constant « 

INLET HASS FLOW n 


*>3*35000 LHF FTA.BN OEO « 
1 17*50000 LSH/StC 


* tabular inlet specifications « 


RADIAL 

total 

COORDINATE 

TE*PEraTVR£ 

UNI 

iOEO R) 

16.1003 

1837.96 

16.6068 

1037.96 

16.6865 

1837.96 

16*9511 

1837.96 

15*2020 

1837.96 

15.4*1* 

1837.96 

15.6697 

1837.96 

13.8891 

1837.96 

16*1009 

1837.96 


TOTAL ABSOLUTE 

PRESSURE FLO* ANGLE 

tPSif totm 

lo8*Z25« 3.213 

In3.79 j3 4.37ft 

I(j9.?g93 5*153 

H>9.S7S6 5*092 

109.S&J9 6.036 

HO* 1873 6.260 

t J0.3232 6.382 

U0.516+ 6*621 

H0.69l« 6*392 
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#** SPOOL INPUT DATA 


•• DESIGN REQUIREMENTS *• 


ROTATIVE SPEED » 4646.0 RPM 

power output • 20110.60 kp 


«* ANALYSIS VARiAflLEs *• 
-NUN8ER OF STAGES * « 


• power-output Split * 


FRACTION OF 

STAOE number spool power output 


1 .26*00 

2 .25*00 

3 .24*00 

♦ .23*00 


* SPecIFIc-NEaT SPECIFICATION • 


DESIGN STATION *uHBE« SPECIFIC MEAT 
{0TU/LBH oeo r) 


1 

2 

3 

4 

5 

6 
7 

a 

9 


.27500 

.27500 

.27200 

.27200 

.26900 

.26900 

.26600 

.26600 

.26200 


* ANNULUS SPECIFICATION * 


STATION NUMBER AXIAL POSITION 
(IN) 


hub radius 

(IN) 


CASINO radius 

(IN) 
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1 

7.5000 

IA.0'50 

15,7750 

2 

9*0000 

14*1300 

16.1000 

3 

1O*7q0o 

14*1500 

lb. 4250 

4 

12*4000 

14*2000 

16.7500 

S 

14*1000 

14*2500 

17.0750 

6 

15.8000 

14*3000 

17,4000 

7 

17*5000 

14*3500 

17*7250 

e 

19*2000 

14*4000 

18,0500 

9 

20.9000 

14,4500 

10,3750 

10 

22*6000 

14*50Q0 

le.rooo 

11 

24*300o 

14*5500 

19,0250 


» ULAOE-ROV E«IT COHOITjOns • 


STATOR 1 


radial 

POSITION 

(IN) 

15.5000 


MERIDIONAL 
velocity 
gradient 
(PER SEC) 

0*00 


WHIRL VELOCITY AT THE MEAN STREAMLINE a 1021*0000 FEET PER SEC 


ROTOR l 

RAOUL 

position 

(IN) 

MERIDIONAL 

VELOCITY 

gRaoifnt 
(PER SEC) 


15*5000 

*200*00 

STATOR 2 

RAOIAL 

POSITION 

(IN) 

MERIDIONAL 

VELOCITY 

gradient 
(PER SEC) 


16*0000 

0*00 


WHIRL VELOCITY AT THE KEAN STrEAhlInE a 91**0000 PEE? PEr SEC 


ROTOR 2 


MERIDIONAL 

RACIAL VELOCITY 

POSITION GRADIENT 

(IN) (PER SEC) 


16*0000 -200*00 


STATOR 3 


meridional 



RADIAL VELOCITY 

POSITION GRADIENT 

UM (PER SEC) 

16.5000 OiOO 


VHlPL VELOCITY AT THE HUH STsEMlXnE * 8IT.0083 ?ttj PZ* SEC 


ROTOR 3 


STATOR ♦ 


RADIAL 

POSITION 

TIN) 

Ife.BOOO 


RADIAL 

POSITION 

UN) 

17.000$ 


v£R lOlONAt 

velocity 

gradient 

{PER SEC) 
-200*00 


meridional 
VELOCITY 
gradient 
(PER SEC) 

0.0 5 


*MlHL VELOCITY AT THE hUn STRE*Wl*NE * 


882*0000 FEET PER SEC 


ROTOR A 


RADIAL 

POSITION 

(IN) 

17*0300 


MERIDIONAL 

velocity 
GRADIENT 
(PER SEC) 

•200.33 


• BASIC INTERNAL LOSS CORRELATION * 


TAN I INLET ANCLE) * TAN(£*IT ANGLE) i *03000000 ♦ 

- — *TIHES# 

.60000000 * *80000000 * COS(E*JT ANflLEl I *oS300000 * 


.35t*$$$8 * IV NATIOI** 3*$0> 
.15000000 *«IV RATIO)- .6$$)) 


if iv ratio) »lt* 

IF (V RATIO) .OE. 


TNE PPESSyRe-LOSS COEFFICIENT CONFUTED IN T HIS HANNAS rat NOT zHtZO A U*tT OF 


2.00000000 


*80098000 

•60000000 
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•»* OUTPUT OF SPOOL OESJ0N ANALYSIS **♦ 


*• SrAToR |NL€t I #* 









ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

STReaHlINE 

RADUL 

HftSS-PLOW 

meridional 

A*IaL 

VHIPL 

absolute 

BACH 

TOTAL 

TOTAL 

FLOW 

nunhe* 

PCSmON 

FUNCTION 

velocity 

VEtOcI TY 

velocity 

velocity 

number 

PRESSURE 

TEPPEPaTURe 

angle 


UNI 


ifPSi 

ifp$> 

(FPSJ 

tfPSJ 


IPSI* 

iOEG «) 

fOEGt 

I 

!**l000 

0*00000 

509, o?3 

508,938 

28.39ft 

5o?*ftfc* 

.25000 

108,2195 

- 1837.9ft 

3.213 

2 

l**J926 



538,464 

♦O.ftjO 

&*Q.6*2 

*26526 

100.7637 

1837.96 

*.336 

3 

1**6660 

2 9. 37*96 

!Si tl7S 

559,662 

*9 # 9 0 3 

563*389 

.27656 

109.1949 

1837.96 

5.10* 

♦ 

1**9256 

*4»G&24* 

577,8*4 

*7**122 

5ft*7fti 

5$o*5 9 4 

•28512 

109,542* 

1837,9ft 

5.63« 

5 

jb»l7*7 

5«*7499 2 

59 0 ,ezft 

586,665 

61*69* 

694.o3ft 

•29*82 

I09* fl 32l 

1837.9ft 

6.003 

ft 


73.4374$ 

60*, 3 79 

596,479 

65*13? 

604.89* 

•29723 

110,0839 

l83?.9ft 

6*2*1 

T 

1 ft .44 93 

08*12*88 

616.152 

602,260 

67*31* 

*13*85* 

.30169 

110,3069 

1837,9ft 

6,37* 

« 

l&*»T7i 

502,8*23? 

617,550 

607,427 

68.399 

621.326 

.305*2 

UO.S081 

1837.96 

6.*21 

9 

l 6 «l0OO 

Ij7. 49983 

823.813 

*11*235 

68.5JB 

627.566 

•3Q854 

110*6930 

1837.96 

6.392 


streamline 

STATIC 

suite 

ST8£a«LIH£ 

SLOPE 

streamline 

nunser 

pRtSbune 

temper*tu«e 

ANOLE 

CURVaTURE 


<PSp 

<0£6 R) 

(DEO) 

(PE« IN) 

i 

103*6292 

1819*08 

1.320 

♦00049 

2 

103*8122 

1»16.7J 

2,813 

•00*91 

3 

103,8046 

1314,91 

4,208 

*00156 

* 

103.806* 

1813,40 

5*533 

-*#00161 

5 

103*«1'3 

1012.33 

6.804 

'**00*66 

6 

103.8368 

1811.39 

8.032 

-*♦00761 

7 

103.8646 

l«10.60 

9.225 

-*.0104? 

8 

103.9005 

1809,92 

10,388 

**•01326 

9 

103.9439 

1809.36 

11*526 

-*♦01599 






*# STATOR E«T ** ROTfiR IN^T 1 ** 












ABSOLUTE 

absolute 

ABSOLUTE 

ABSOLUTE 

JTRCAMUNE 

radial 

HaSS-FL DM 

meridional 

A*UL 

VMIRL 

absolute 

MACH 

TOTAL 

TOTAL 

FLO* 

nurse 8 

position 

FUNCTION 

velocity 

VELOCITY 

velocity 

velocity 

number 

PRESSURE 

temperature 

ANGLE 


u«l 

clsm'sec) 

(FPSl 

(FPSI 

(FPSJ 

(FPS) 


tpsn 

(SES R? 

(SCO) 

1 

l**15il0 

O.C00OO 

561,611 

581 .359 

1064.01ft 

12U.59B 

.60948 

106,6929 

1837.9ft 

61.348 

2 

1**4504 

14.6B745 

501.611 

500*854 

1054*6*5 

1204*307 

.60510 

107,2066 

1837.9ft 

61*156 

3 

14,TS85 

29,37*91 

681,611 

580.101 

10**. 05l 

1195.120 

. 60 fll 6 

107.6223 

1837.96 

ftfl.942 
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4 

15,0513 

*4,06236 

641.611 

579.120 

1032.669 

1105.191 

. 59*00 

107^9612 

1837,96 

60,716 

s 

lb.J37J 

54.74961 

S01.6U 

57/, 925 

1021,00(1 

1175,037 

.509*9 

100.2*65 

1037,96 

60. *88 

6 

1S,617«> 

73,43726 

S81.611 

S76.531 

1009.369 

1164*944 

.50414 

100.4946 

1837.96 

60,266 

7 

lb.«9ib 

64.12*72 

581-611 

574,9*9 

997*956 

1155*o7o 

.570*1 

100.7158 

1037.96 

60*053 

0 

16.160& 

1 02 ,8 121 t 

581,611 

573,191 

906*8*0 

1145.400 

*57344 

108.9163 

1037.96 

59*050 

9 

1&***25 u 

U7.49962 

5«1,6U 

571,265 

976*0*1 

1136*109 

,56094 

109.0996 

1037.96 

59.660 




streamline 




RELATIVE 

relative 

RELATIVE 

RELATIVE 

streamline 

STATIC 

static 

SLOPE 

STREAMLINE 

BLADE 

rllaTive 

MACH 

total 

total 

FLO* 

NUMBER 

Pressure 

temperature 

ANGLE 

CURVATURE 

Velocity 

velocity 

number 

PRESSURE 

temperature 

ANGLE 


1PSI) 

(OEG «> 

<0 EG) 

<P£K IN) 

(fps> 

(FPS) 


(PSD 

<DEG R) 

tOECH 

1 

83,9207 

1731,18 

1,605 

,00000 

573,697 

760*709 

.30235 

92,3956 

1773,20 

40,16* 

2 

0* ,6q6o 

1732,62 

2.923 

•ooooo 

506*199 

746,801 

*37520 

92.0233 

1773.12 

30,805 

3 

85*2526 

1734.23 

4.129 

•ooooo 

598*364 

732.737 

* J6797 

93.2051 

1773.22 

37.534 

4 

65-8611 

1 735,95 

5.305 

•ooooo 

6lO*Z3A 

710.03? 

*36000 

93.5516 

1773.40 

36*100 

5 

06.43*7 

1737,69 

6,454 

•ooooo 

621*835 

*05,410 

*35309 

93,0736 

1773,83 

34.632 

6 

86,9763 

1739. *l 

7.578 

.OOOOO 

633*103 

692,667 

.34733 

9* ,1704 

1774,25 

33.124 

7 

07.4005 

17*1.07 

0.600 

*00000 

6*4*303 

680.69? 

*34116 

94.47 06 

177*. 72 

31.596 

6 

67,9730 

1742.67 

9.761 

•ooooo 

655*215 

669*512 

•335*0 

94,7531 

1775.22 

30,052 

9 

86,4*3*6 

17*4.21 

10,023 

,00000 

665*935 

659,11? 

,33005 

95,0277 

1775,76 

20.495 


•• STAGE exit I •* 









absolute 

ABSOLUTE 

absolute 

absolute 

streamline 

RaOIaL 

M A ss-moJ 

meridional 

axial 

WHIRL 

ABSOLUTE 

mach 

total 

total 

FLOW 

number 

position 

FUNcTtON 

velocity 

velocity 

velocity 

VELOCITY 

NUM8E* 

pressure 

TEMPERATURE 

ANGLE 


a.o 

(lrm/sec) 

(FPS) 

(TPS) 

(FPS) 

(FPS) 


(PSD 

(OEG R] 

(OEG) 

1 

l*.2o00 

0.00000 

59g.qo2 

509,747 

-250. J3Q . 

644 #o 02 

,32634 

81,1935 

1727,01 

-23,656 

2 

l*.53l6 

^,60692 

604.475 

503.740 

•?63.55* 

641,1*9 

*32504 

a l.l923 

1725,57 

-24,299 

3 

1*.0587 

29.37305 

579.024 

577,501 

-267,195 

637,700 - 

,323*S 

61,1010 

1723.62 

-2*,026 

4 

lb. 1017 

44.06077 

573.640 

571,277 

-269,572 

633.82* 

> ,32161 

81,1611 

172I.9Q 

-25.262 

5 

15.3011 

50,7*769 

560.317 

564,033 

-270.99ft 

629,621 

,31959 

®1 ,1344 

1720,37 

-25,631 

6 

16*0173 

73**3462 

563,040 

558.256 

-271,604 

625,168 

,317*2 

01.1026 

1710.96 

-25.951 

7 

16.1306 

08.12154 

557.626 

551,549 

-271,700 

620,511 

.3151* 

01,0659 

1717,65 

-26.232 

0 

16. **14 

102*00046 

55?.646 

544.71/ 

-271.379 

615*601 

•31276 

01*0257 

1716. *1 

-26.603 

9 

16*7500 

117,49530 

547.502 

537,763 

-270.5*1 

610,697 

,31029 

00*9020 

1715.25 

-26,7 0 6 





streamline 




Relative 

RELATIVE 

relative 

RELATIVE 

streamline 

STATIC 

STATIC 

SLOPE 

streamline 

BLADE 

RELATIVE 

MACH 

TOTAL 

total 

FLOW 

number 

pressure 

Temperature 

' ANGLE 

CURV a TUR£ 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

temperature 

angle 


(PSD 

(OEG R) 

(OEG) 

(PER INI 

(FPSJ 

(FPS) 


(PSD 

(OEG R) 

(OEG) 

1 

75,6617 

1697.36 

1,605 

0.00000 

575.725 

1021*648 

.51764 

90,1499 

1773,99 

-54,737 

2 

75*7020 

1695,39 

2,673 

0.00000 

589.17ft 

1033*004 

.52411 

90.5877 

1773,86 

-55*6q6 

3 

75.7*35 

1693,76 

4.045 

0.00000 

602*431 

1044.757 

.52991 

90.9915 

1773, 9 0 

-56,409 

4 

75*7039 

l692.*i 

5,203 

0,00000 

615*527 

1954*734 

.53519 

91*3670 

177*, 09 

-57*160 

5 

75,0236 

1691.26 

6.3*7 

0,00000 

628*477 

1063.971 

,54006 

91.7205 

1774.30 

-57,873 

6 , 

75,0625 

1690,26 

7,400 

0,00000 

641.295 

1072.639 

,54462 

92.0571 

1774,7* 

-58,556 

7 

75.9004 

1689.38 

0.603 

0-00000 

653*999 

1000*849 

.54093 

92,3600 

1775,15 

-59,213 

G 

75-9373 

1600*58 

9.71? 

0*00000 

666*600 

1000**79 

.55304 

9?.69i2 

1770*60 

-09.853 
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TS/JTji) 

1687,87 

10*HZ3 

streamline 

stator 

ROTOR 

NUMBER 

reaction 

REACTION 

1 

»*2q*7 

•7**59 

2 

•4*609 

•72238 

3 

•*7l*l 

•70135 

* 

.♦6987 

•68153 

S 

•50555 

•66300 

6 

.51925 

,6*576 

7 

•531** 

.62977 

8 

•5*2*2 

•61*98 

9 

•5523* 

•60129 


0*00000 

679,11? 

1096.175 

•* STAGE 

1 PERFORMANCE •• 

stator 

ROTOR 


PRESSURE 

PRESSUR f 

stator 

LOSS 

LOSS 

blade Row 

coefficient 

COEFFICIENT EFFICIENCY 

*06665 

•16305 

•9*579 

•068*6 

•15811 . 

•9**27 

•U7q06 

• 15311 

• 9*303 

•071*5 

• 1*019 

•9*200 

.07270 

* ) *35 * 

*94099 

,07307 

.13913 

•9*000 

.07500 

•1351) 

•93902 

• 1)7611 

•131*7 

•93006 

•07721 

•IZ^iT 

.93709 


,55696 92,9921 1776*09 


rotor 

rotor 

stage 

0LAOE »OW 

JSENTHQP1C 

isentropic 

EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

.87670 

•9056* 

.06230 

•8S 0 85 

•90859 

.06532 

.80522 

•91170 

.0686* 

.80955 

.91*75 

.87197 

*09360 

.91766 

.87517 

,09757 

.92039 

,67819 

•’0119 

•9229* 

.88101 

«9o*5* 

•92529 

•88362 

.90701 

•927*5 

.88601 


- 80*676 


• KASS-AVERaGFQ QUANTITIES A 


stator blade-row efficiency • .9*m 

ROTOR BLADE-ROW EFFICIENCY m *89309 


STAGE WORK • 

stage total efficiency ■ 

STAGE STATIC EFFICIENCY a 
STAGE BLAOE- to JEt*sPEEO ratio • 


32,056 BTU PER L0* 
,fl?4 85 
•72093 
•*1861 


*♦ stator exit - rotor inlet 2 •* 









absolute 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

radial 

m a ss-plow 

meridional 

aXJaL 

whirl 

absolute 

mack 

total 

total 

FLOW 

number 

position 

function 

velocity 

velocity 

velocity 

velocity 

number 

pressure 

TEMPERATURE 

ANGLE 


(IN) 

ILB«/SECI 

(FPSI 

(FPS) 

ifpsj 

(FPS) 


(PS1) 

(OEG R) 

(OEG) 

1 

1*«2500 

QiOUOOO 

572.102 

571.855 

1006*161 

1157.437 

.59854 

79,4003 

1727,03 

60,388 

2 

1**639* 

J4.6073* 

572.102 

571,3*7 

‘000.573 

1135.26* 

.50680 

79,4661 

1725.59 

59.772 

3 

15.0161 

29,37460 

572.102 

570,593 

956*058 

ill* .8*4 

.57600 

79.5112 

1723.63 

59.l9 2 

4 

15.3014 

**.06202 

572,102 

569,615 

934,7*0 

1095.919 

.56590 

79.5*51 

1721.91 

30,643 

5 

15,7367 

58,7*936 

572,102 

560,431 

914,000 

1078,204 

,55666 

79,5696 

1720,37 

38,122 

6 

16*0029, 

73.*3670 

572*102 

567,050 

094,463 ' 

1061.774 

,5479* 

79,5867 

1716,96 

57,62? 

7 

l6, 4209 

80,12*0* 

572,102 

565,509 

875,903 

1046,253 

,53975 

79,5969 

1717,64 

37,155 

6 

16.751* 

102*01130 

572.102 

563*79* 

858,43* 

1031.605 

•53203 

79.6013 

1716.41 

56.704 

9 

l7*o75o 

H7.49072 

572*102 

561.925 

8*1*71(5 

1017,731 

,52*73 

79,6^0* 

1715,25 

50,273 
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streamline 




relative 

relative 

RELATIVE 

RELATIVE 

STREAMLINE 

static 

STaTlC 

SLOPE 

streamline 

BLADE 

RELATIVE 

MACH 

TOTAL 

total 

FLOW 

NUMBER 

PRESSURE 

TFHPtR,*TU«e 

ANGLE 

CURVATURE 

velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

ANGLE 


* CPSI1 

10 LG «) 

<OEG> 

(PER IN) 

<7PS> 

(FPSl 


IPSM 

(deg ») 

(DEO) 

1 

6C.9J28 

1629.47 

1.685 

-.00000 

577.75? 

'U.727 

,36960 

68,8791 

1666*98 

36,839 

2 

64*5338 

1630*96 

2*944 

•*00000 

593.539 

690*721 

.35702 

69.1226 

1665*99 

34,114 

3 

64«n?7o 

1632*38 

4*163 

•*00000 

60 B » e ll 

669,655 

*34590 


I 555-30 

31.3&2 

4 

64*5705 

1633* /3 

b*445 

-.00000 

623*625 

651*224 

*33632 

64.5929 

*664*07 

£0.643 

s 

65.0212 

1635,00 

6,494 

-.00000 

638,03d 

635.105 

.32791 

69.8221 

1664.62 

25,896 

6 

65*43*6 

1636.J8 

7.614 

•«ooooo 

652*066 

621*335 

*32065 

7 o« 0* 89 

1664*53 

23.145 

7 

65*8 1 S 2 

1637*27 

8.707 

-.00000 

665*760 

609.500 

*31443 

70.2739 

1664*55 

20.391 

8 

66.1670 

1638.27 

9 ,m 

-.00000 

679,167 

699,531 

,30920 

TQ.J9T9 

1664.66 

17,639 

8 

66.4931 

1639.20 

10.823 

-.00000 

692.289 

691.243 

.30486 

70.ni3 

1664.87 

14,891 






•• 

STAGE EXIT 2 

•• 












absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

RaOXaL 

M A SS-FL0W 

MERIDIONAL 

A*UL 

whirl 

ABSOLUTE 

MACH 

total 

total 

FLOW 

number 

position 

function 

velocity 

velocity 

VELOCITY 

VtLOClTY 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


un> 

(L8M/SEC> 

(FPSl 

(FPS) 

(FPS) 

(FPSl 


<PSI> 

(OFG R) 

(0EG1 

l 

14,3000 

0*00000 

613*132 

612.8b? 

•30l*07i 

603*063 

.35779 

59.582* 

1616*03 

•26*163 

2 

14* f o7b 

14.6H610 

606*340 

60b. 57 l 

-300*690 

676*007 

*35400 

59,55*8 

1613*67 

-26**07 

3 

lb*1079 

2«. 37219 

549.668 

598.150 

— ?99 .65? 

670*367 

•35166 

59.5213 

1610.07 

•26*609 

4 

1&.S019 

*4.05829 

593,101 

59o,634 

-297.98? 

663,740 

.34039 

59,402* 

1608.37 


5 

lb. 8903 

58.74438 

586.627 

583,003 

-?95 .694 

656,938 

,34499 

59 ,*302 

1606.13 

-26,89* 

6 

16*273/ 

73.-3040 

56o*236 

575.268 

-292*85? 

649.951 

.34147 

59*3891 

160**10 

.26*979 

7 

j6*65gM 

06.11657 

S7 3 .9i8 

567.434 

-209,576 

642*634 

.33766 

59.3362 

1602*2* 

-27.036 

8 

1 7 *0201 

1 O?* 0 O 266 

567*664 

559,503 

-205*964 

635*624 

*33410 

59.2003 

1600*51 

-27.072 

9 

17.4000 

117.48875 

561*465 

S51**78 

-282*077 

620*340 

•330*6 

59*2210 

1590*92 

*27*009 





streamline 




relative 

relative 

relative 

relative 

streamline 

STATIC 

static 

SLOPE 

streamline 

BLADE 

RtLAWE 

hack 

total 

total 

flow 

NUMBER 

PRESSURE 

temperature 

angle 

CURV a TURL 

Velocity 

velocity 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


(PSD 

(OfcO R) 

(DEC) 

CPER IN) 

(FPS) 

(FPSl 


(PSD 

(DEO R) 

<0EG) 

1 

5**7206 

1502.19 

1 ,605 

,00000 

579,779 

1073,233 

,56216 

67,2036 

166T.70 

-55,171 

2 

54.7000 

1579,67 

2.8B6 

.00000 

596.301 

1002,707 

.56750 

67,6093 

1666.70 

-55,976 

3 

54*0209 

1577.51 

4.066 

•00000 

612*532 

1091.641 

,57265 

67*9192 

1665*90 

-56.7*5 

4 

54*0755 

1575*66 

5*220 

•00000 

620*507 

1 1 0 0 • 0 69 

*57741 

60*2136 

1665*51 

-57.403 

S 

54*9198 

1574.09 

6*373 

•00000 

644*255 

ll07.9S9 

*58186 

60.492* 

1665*23 

-5 0 • 1 9 1 

6 

54*9619 

1572,7* 

7.503 

*00000 

659.80? 

1 115*4*8 

.58603 

68,7567 

1665*11 

-50*074 

7 

55.0017 

1571.56 

ft, 620 

•ooooo 

675.172 

1122.551 

.50990 

69.0095 

1665. 11 

-59,537 

8 

55.0393 

1570.52 

9,727 

•00000 

690*307 

1129,301 

,59377 

69,2529 

1665,21 

-60*105 

9 

55*0749 

1569.61 

10*823 

•ooooo 

705*465 

1135.995 

.59742 

69.4006 

1665*42 

-60*820 


STAGE 2 PERFORMANCE 
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STATOR rotor 

pressure pressure stator rotor 

LOSS LOSS BLADE RO* BLAUE ROW 

COEFFICIENT COEFFICIENT EFFICIENCY EFFICIENCY 


rotor STAOE 

ISENTROPIC ISENTRQPIC 
efficiency efficiency 


STREAMLINE 

stator 

ROTOR 

mjrber 

reaction 

REACTION 

1 

.55647 

•66596 

H 

•50476 

.63796 

3 

.57201 

• 613*4 

4 

.57835 

.59199 

5 

•58391 

•57328 

6 

.56660 

.55703 

7 

•59306 

.54296 

8 

*59682 

•53065 

9 

•60006 

.52051 


•10633 

.13425 

.91527 

.10632 

.12506 

.91*83 

.10617 

.11*19 

.91*52 

.10190 

•11050 

.91*35 

.10754 

.10516 

.91*27 

•10710 

.10100 

.91*27 

•10660 

.09776 

•91*34 

•10603 

.09529 

.91*48 

•10541 

.09345 

• 9U66 


.69914 

.91498 

.85162 

.90596 

.92001 

•05B53 

•91204 

.92453 

.86487 

.91734 

.92849 

.07059 

.92176 

.93170 

.87560 

.92532 

•93440 

.07990 

.92015 

•93645 

.08359 

.93030 

.93801 

.68674 

.93200 

.93915 

.68942 


o MASS-AVERaQED QUANTITIES * 


STATOR 8 L.AOE-RO* EFFICIENCY ■ .91*50 

ROTOR BLADE-ROW EFFICIENCY s .91957 


STAGE WORK a 30.647 BtU PER L0M 


STAGE TOTAL EFFICIENCY « .87380 

STAGE STATIC EFFICIENCY « .70386 

STAGE BLADE- TO JET-SP E E0 RATIO b .43227 


•• STATOR ExIT - ROTnR INLET 3 •« 









ABSOLUTE 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

Raoul 

m a ss~flow 

meridional 

AMAL 

whirl 

absolute 

MACH 

total 

total 

FLOW 

NUMBER 

posiTio\ 

function 

velocity 

velocity 

velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

angle 


UN) 

(LHH/SEC) 

(FPS) 

<fps> 

(FPS) 

IFPSJ 


(PSD 

<oeg R) 

(DEG1 

1 

14.3500 

0.00000 

589.792 

589.537 

918.977 

J091.959 

.58197 

58.2334 

1616,83 

57.319 

2 

1**0226 

14.68733 

569.792 

589.003 

890, i7j 

1067.629 

.56097 

58,2660 

1613*60 

S6.50B 

3 

1&.2771 

*9.37466 

689.792 

586,212 

863,85(1 

1045,980 

.55722 

58,2935 

1610.00 

55,7*8 

4 

1&,7i56 

44.06200 

589.792 

587.192 

839,576 

1026,032 

,54549 

58,3o0 0 

1608,37 

55,031 

5 

10.1401 

50.7*933 

589,792 

585.96* 

017.000 

1007,643 

,53660 

58,3157 

1606,13 

54,351 

6 

10*5521 

73 .*3666 

589.792 

SB* .6*7 

795.652 

990.573 

.S 2 T *3 

38,3150 

1604*09 

53.703 

7 

16.9520 

88.12399 

589 .79 Z 

582,955 

775. 9 2 6 

974.636 

.51086 

58.3079 

1602.23 

53*082 

8 

17.3435 

102*01133 

509.792 

501*203 

757.Q6! 

959.685 

•5 1003 

58.2952 

1600*51 

52*486 

9 

t7.7 2 50 

ll7.*9B66 

589.79* 

579.301 

739*122 

945*598 

*50 32 7 

58.2777 

1598.91 

51*912 





STREAHLINE 




relative 

relative 

RELATIVE 

relative 

streamline 

STATIC 

static 

slope 

streamline 

BLADE 

relative 

HACK 

total 

TOTAL 

FLOW 

NUHHER 

PRESSURE 

tehpehaTuhe 

ANGLE 

curvature 

velocity 

velocity 

NUMBER 

PRESSURE 

TEMPERATURE 

ANGLE 


(PSD 

(DEO «l 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PS1) 

(OEO fl) 

(0C0) 

1 

46,6901 

1528,31 

1.685 

-.00000 

581.806 

679.366 

.36207 

50.9339 

1562,58 

29,766 

2 

47.16*3 

1529.03 

2.9fc* 

-•00000 

600-967 

656. 8B? 

.35001 

51.1617 

1561.06 

26.151 

3 

47.3834 

1329.65 

*.195 

-.00000 

6J9.393 

630 ***6 

.34012 

51.36S2 

l5S9,9i 

22*367 

4 

47.9569 

1530.22 

5.382 

-.00000 

637.173 

623.555 

.33212 

51.6056 

1559.08 

19.0)9 
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b 

*b,<Z9l9 

Ib30. Tb 

6,bJ2 

-.OQuOO 

654.303 

«>11.0OO 

,32500 

51,0239 

1550.54 

15.510 

6 

*8,59*0 

ib3i.25 

7.647 

•.(10900 

671.007 

902.64* 

,32090 

52,0411 

1550.23 

12.040 

7 

*0,0679 

1531.71 

B.732 

00003 

607.335 

596.408 

.31751 

52,2579 

1558.11 

0,6*1 

a 

*9,1173 

1532.13 

9.790 

•.00000 

703,17* 

592,24? 

,31525 

52,4751 

1550.17 

5,297 

9 

*9,3*53 

1532,53 

10.023 

•.ooooo 

716. 6* 2 

590.147 

.31409 

52.6933 

1556.39 

2.025 





•• 

STAGE EXIT 3 

«« 












. 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

BaOIaL 

H fl SS-FUOW 

meridional 

a*ial 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 

NUPtjEft 

PCSiTlQN 

FUNCTION 

velocity 

VELOdTY 

velocity 

VELOCITY 

NUHbeH' 

PRESSURE 

TCKPERaTuRE 

ANGLE 


( IN) 

<LBH/SEC> 

(FPS) 

IFPS) 

<fpsi 

(FPS) 


(PSD 

< DEG R) 

<0 EG) 

1 

1*»**000 

0*00000 

662**20 

662.13* 

-331*59* 

f*0*7Bi 

•*021* 

*3. *670 

1508.50 

-26.602 

2 

14.6058 

14.68720 

654*323 

653.485 

-320.690 

732*240 

.39791 

*3. *332 

150**60 

-26.70J 

3 

lb. 3609 

29.37**0 

646, *05 

6*4, 7S8 

-325.019 

723,517 

.39352 

*3.3923 

1501,07 

-26,752 

* ' 

15,0267 

**,06160 

638,6*2 

635.957 

-320,785 

7l*,60o 

.38901 

♦3.3*56 

1497,93 

-26,767 

S 

16,28*2 

56,7*079 

631,010 

627,083 

•316.197 

705.B07 

,38*42 

♦3,29*8 

1495,13 

-26,759 

6 

16,73*4 

73. *3599 

623.51* 

610.138 

-311*379 

696.94! 

.37900 

43,2*00 

1492.61 

-26.736 

7. 

17.1783 

88.12310 

616.U6 

6f>9, J23 

-306. *15 

600.105 

*37516 

43.18*5 

1*90,34 

-26.?0* 

0 

17*6166 

1O?*01O30 

600.811 

600*039 

-301*359 

679,31* 

.37 0 S1 

43.1265 

1*88,26 

-26.667 

9 

18,0500 

U7.*9757 

601*507 

590.086 

-296.2*3 

670*572 

•36587 

43,0670 

1*86.38 

•26.627 





streamline 




RELATIVE 

RELATIVE 

relative 

relative 

streamline 

static 

ST*Tic 

SLOPE 

streamline 

BLADE 

relative 

HACH 

total 

total 

FLOW 

number 

pressure 

TEvPeHaTURE 

ANGLE 

CURVATURE 

Velocity 

velocity 

NUHbeR 

pressure 

TEMPERATURE 

ANGLE 


{RSI) 

(LEG R) 

(QEG) 

{PER IN) 

IFPS) 

(FPS) 


(PSD 

<DEG R> 

lOEG) 

1 

39,0393 

1*67,39 

1.685 

.00000 

583,833 

1129,960 

,613*1 

*9.9037 

1563,25 

-5*, 122 

2 

39,0955 

1*6*. 35 

2*901 

.00000 

603*531 

1X30.936 

.61092 

5o*l9o6 

1561,7* 

-5*.97 0 

3 

39.1*70 

1*61.77 

A.O’l 

.00000 

622.79* 

11*7,253 

,6 23 99 

So. 458o 

156 0 ,S9 

-55.77* 

* 

39*196* 

1*59.58 

S.2S? 

•ooooo 

6*1.677 

U55*0Ts 

.62072 

50,7097 

1559,73 

-56.5*5 

5 

39.2*17 

1*57 ,73 

6, *02 

.00000 

660,225 

116g t 5*6 

.63320 ' 

50,9*97 

1559.20 

-57.290 

6 

39,2039 

1*56.15 

7.S?9 

,00000 

676 i*0ft 

1169,968 

.63752 

5l.l8 0 9 

1558.9 0 

-58.016 

7 

39.3232 

1*5*. 79 

0.6*1 

•oopoo 

696.476 

1X77.025 

•6*i?2 

51 «*o5b 

1558. 8q 

-56.72? 

8 

39,3599 

1*53,62 

9.730 

•OOOOO 

7j*.2*7 

llfl**ios 

. 6*584 

51*6253 

1558.09 - 

-59. *25 

9 

39,39*2 

1452.62 

10.823 

•ooooo 

731.819 

1191.142 

,6*990 

51,8*12 

1559.1* 

- 60.112 





** 5TAqe 3 PERFORMANCE •* 






streamline 

stator 

rotor 

STATfjR 

PRESSURE 

LOSS 

ROTOR 

PRESSURE 

LOSS 

stator 
sLaoe Row 

ROTOR 
BLADE ROW 

ROTOR 

ISENTROPIC 

staoe 

isenTropjc 

NUMBER 

Reaction 

Reaction 

COEFFICIENT COEFFICIENT EFFICIENCY 

efficiency 

EFFICIENCY 

efficiency 

1 

•6255* 

.60123 

,11687 

.10091 

.90070 

.92500 

.92711 

.06226 

2 

.63382 

.57675 

.11582 

.09357 

,90091 

.930*6 

,93180 

.06976 

3 

.6*069 

.55650 

■ 1 1*6* 

.oeeip 

.90927 

.93*73 

.935*6 

•07607 

* 

.6*691 

.5396* 

.11337 

.08*05 

.90977 

.93002 

.93025 

.00139 

5 

•65)96 

• 5P6P* 

.11198 

•OM1 09 

*910-40 

.9*0*0 

.0*0**; 

.ftft'Ql 
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6 ^65614 ♦51531 

7 *65956 *50671 
« .66232 *50017 
9 .66449 *49545 


*11050 ,07t*8i .91112 
.10895 .07724 *91194 
*10735 .07621 .91283 
*10571 .07564 .91378 


.94244 .94187 ,80975 
*94379 *94288 .89297 
.94467 .94343 ,89563 
.94513 .94356 *09778 


4 HASS-AVERAGED QUANTITIES * 


STATOR 8UA0E-R0* EFFICIENCY a .91068 

KOTOR BLADE-ROW EFFICIENCY a .93872 


STAGE WORK a 29.637 BTU.PER LB* 

STAGE TOTAL EFFICIENCY * .88393 

STAGE STATIC EFFICIENCY « *68308 

STAGE BLADE- TO JEt-sPEEq RATIO a ,44519 


•* stator exit - rotor inlH 4 •• 


STREAMLINE 

KUKBE ft 

1 

2 

3 

4 

5 

6 

7 

8 
9 


Raoul 

haSS-flo* 

PCMTiUN 

function 

UN! 

tLl-M/SECl 

1***S00 

0*00000 

1 5 *012* 

j4.68?23 

j 5 .5*02 

2 9. 37446 

16.0813 

44.06169 

16,5547 * 

50,74092 

17.0310 

73.43615 

1 7 .4920 

00*12330 

17.9396 

102*01061 

18,3750 

117,49704 


meridional a*ial 

velocitt velocity 

IFPS) <FP5> 

658.446 658.162 

658.446 657.5*7 

658.446 656.643 

656.446 655.405 

658.446 654,102 

656.446 652.S19 

658.446 650.753 

658.446 640.020 

658.446 646,734 


NHIRL 

absolute 

Velocity 

velocity 

<fps» 

<FPS) 

99q.375 

1189.283 

953.3m 

920*019 
889, 76 ? 

1158.599 
. 1131*365 

1106*900 

862,000 

108*. 7lo 

836.321 

1064.417 

R 12.*00 

1045.727 

789.982 

1028.408 

768,855 

1012,269 


ABSOLUTE ABSOLUTE 

HACH TOTAL 

number pressure 

<psn 

.66040 42*2945 

♦043Q4 42.3272 

.62766 42*3469 

.61 3 00 42*3560 

.60139 42,3565 

.58998 42*3498 

.57948 42.3372 

.56976 42*3198 

,56 0 70 42,2981 


absolute 

ABSOLUTE 

total 

FLOW 

TeHPeRaTURe 

ANGLE 

<0EG R> 

(QEG) 

1508.59 

S6.394 

lS0**6l 

55 .4g4 

I 5 oi*g 0 

54.40* 

1497.93 

53*621 

1*95,13 

52,8o0 

1*92*61 

52*038 

1*90.33 

51*30* 

1488.26 

50.603 

1406,30 

49,931 


streamline 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


static 

STATIC 

STREAMLINE 

SLOPE 

STREAMLINE 

BLADE 

PRESSURE 

TEPPERaTUKE" 

ANGLE 

curvature 

Velocity 

ipsn 

(DEG HI 

(DEG) 

(PER IN) 

(FPSl 

31.0636 

1402,40 

1,685 

-.ooooo 

585.861 

32.3*42 

1*03,82 

2.994 

-.00000 

60P.661 

3^.7597 

1404,9a 

4.241 

-.00000 

630.385 

33*1227 

1405.95 

5.436 

-•ooooo 

651*108 

33*4420 

1406.79 

6.585 

-.00000 

6?l*l95 

33.72? 1 

1407,55 

7.694 

-•ooooo 

690.504 

33.9014 

1408.23 

8,767 

-.ooooo 

709,197 

34.2101 

1408.06 

9.009 

-.00000 

727.342 

34.4)66 

14Q9.44 

10.023 

-.00000 

744.99ft 



relative 

relative 

relative 

RELATIVE 

relative 

mach 

total 

total 

FLOW 

velocity 

NUM0ER 

pressure 

temperature 

angle 

(FPS) 


(PSD 

(QEO R) 

(DEO) 

'72,776 

.*2912 

36,0016 

14*7,23 

31.375 

[*3.192 

.*12*0 

36,2118 

1*45.29 

27,661 

'19.333 

,399q7 

36,4)65 

14*3.82 

23.001 

'00*335 

•300*0 

36,6176 

14*2.77 

20.000 

685.535 

.J0OO0 

36.0165 

14*2.08 

16.262 

674.399 

.37380 

37.0143 

14*1.69 

12.597 

666,485 

,36933 

37,2118 

14*1.50 

9.012 

*61*419 

.366** 

37.4099 

1**1. 7o 

3.5)4 

658.878 

.36490 

37.6q90 

1**2. 0* 

2*113 


STAGE EXIT 4 *• 
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ABSOLUTE 

absolute 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

RAOUL 

mass-flow 

meridional 

aXUL 

Whirl 

ABSOLUTE 

MACH 

total 

total 

FLOW 

number 

POSITION 

function 

velocity 

velocity 

Velocity 

velocity 

number 

pressure 

temperature 

angle 


(INI 

(lhm/sfc) 

(FPS) 

(Fps> 

(FPS ) 

' (FPS) 


(PSI) 

(OEG R) 

(OEG) 

1 

l* *booo 

0*00000 

734,209 

733,B9i 

-191*110 

■ 758.673 

.42661 

31.3721 

1404,22 

-14.596 

2 

1 b » (J 6 b 6 

14.60726 

724.701 

723.843 

-195.28A 

750.630 

.42273 

31.3236 

1399,1? 

-15.099 

3 

lb *6164 

29*37451 

715.602 

713*750 

-197.845 

742*446 

.41867 

31.2720 

1394.69 

-15*493 

4 

16,1543 

44,0617/ 

7 06.637 

703,634 

-199,135 

j34,l6o 

*41446 

31,2181 

1390.72 

-IS , 602 

s 


5fl,749 0 3 

697,861 

69J.47J 

-199,473 

725,809 

.♦1015 

31,1622 

1307.18 

-16,040 

6 

l / • 1 9/6 

73*43629 

609.249 

683,267 

-199,059 

717,416 

.40574 

31*1050 

1304.03 

-16*243 

7 

l7,7o57 

08.1235* 

66o*7Bl 

673,020 

-190*024 

7o8,997 

*40126 

31*0465 

1301.21 

-16.396 

B 

10 *2q61 

102*01000 

672*440 

662*730 

-196.407 

7oo*55R 

.39673 

30*9072 

1376.68 

-16.514 

9 

IB, 7000 

117.49806 

664*209 

652*394 

-194*55? 

69?, U5 

*39 2 15 

30.9 2 72 

13T6.41 

-10.605 





STREAMLINE 




RELATIVE 

relative 

relative 

relative 

streamline 

SUTJC 

static 

SLOPE 

streamline 

BLAOE 

RtLATlVE 

MACH 

TOTAL 

total 

FLOW 

number 

PRFSSUHE 

Temperature 

ANGLE 

curvature 

velocity 

VtLOClTY 

NUMBER 

pressure 

TEMPERATURE 

ANGLE 


(PSD 

(DEG R) 

(DEG) 

(PER IN) 

(FPS) 

(FPS) 


(PS!) 

(OEG R) 

(OEG) 

1 

27,7683 

1360,35 

1,685 

*00000 

507,088 

1070.467 

.60194 

35,2*60 

1**7, 7o 

-46,700 

z 

2 7 *Bo53 

1356,22 

Z.ViS 

*oon0o 

610*021 

1084*029 

•610*9 

35.5038 

14*5.79 

-46*078 

3 

2'*«220 

1352.66 

*.114 

*00000 

633*152 

l096*65o 

*61041 

35.7451 

14*4.35 

-49*340 

4 

27,0300 

1349,64 

S*2&4 

,00000 

654*959 

1106*518 

.62580 

35.9740 

1443*30 

-50*517 

5 

27,0513 

13*7,03 

6,430 

-.00000 

676.309 

1119,823 

.63280 

36,l9S7 

1442,02 

-51,627 

6 

27*8679 

1344.00 

7,554 

••00000 

097*259 

1 130*606 

*63947 

36*4094 

1442.25 

-52*68 2 

7 

2 7 .0610 

1342.89 

8*660 

-•00000 

7J7.0S0 

1141*105 

•64586 

36*6i7o 

1442*16 

-53.69o 

8 

g7,B950 

1341*27 

9.748 

-*00000 

730*149 

1151*399 

•6520* 

36*0197 

1442*32 

-54*660 

9 

27,9q74 

1339.90 

10.023 

-,00000 

758,173 

1161.403 

,6580* 

37,0108 

l** 2 *Tl 

•55,596 





STAqe 4 PERFORMANCE •* 






STflkAKLlNE 

STaTo« 

ROTOR 

stator 

PRESSURE 

LOSS 

RO TOR 
pressure 
LOSS 

stator 
blade row 

ROTOR 
BLADE ROW 

rotor 

ISENTROPIC 

stage 

ISenTropic 

NUMBER 

reaction 

reaction 

COEFFICIENT COEFFICIENT EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

EFFICIENCY 

1 

•62208 

•72191 

•11230 

*10694 

•91512 

*92346 

,92676 

*05203 

2 

*63200 

•60550 

.11077 

.09793 

•91550 

.92992 

.93160 

.06110 

3 

,63951 

*65594 

.10902 

*09076 

.91600 

.93531 

.93605 

.06900 

4 

•64566 

*63170 

*10717 

•08506 

•91684 

.93975 

.93957 

•07604 

b 

.65q69 

•61210 

•10527 

*08056 

.91770 

.94335 

.94241 

.00200 

6 

.65476 

.59645 

*10334 

*O77o0 

*91864 

*94610. 

.94459 

.80724 

7 

.65802 

•50403 

*101*1 

• 07456 

.91964 

.94022 

• 94611 

.09156 

ti 

.60055 

*57445 

•09949 

*07284 

•92069 

.94959 

.94702 

•89508 

9 

*66244 

.56731 

.09757 

.07178 

•92177 

.95030 

.94736 

•»978§ 


* mass-averaged quantities * 
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STATOR HlAOE-RO* EFFICIENCY • .91T9* 

ROTOR GLADE-ROW EFFICIENCY • #94115 


STAGE WORK t> 2fl*42T BtU PER LB> 


STAGE TOTAL EFFICIENCY « *8796* 

STAGE STATIC EFFICIENCY • #66529 

STAGE 0LADE- TO JET-SPEED RATIO » #45956 
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o** SPOOL PERFORMANCE SumHAPY [MAS 5- AVERAGED QUANTITIES) 


stage 

STATOR 

glade-row 

ROIoR 

blaue-how 

STAGE 

STAGE 

TOTAL 

stage 

STATIC 

STAGE 
BLADE- TO 
JET-SPEEO 

NUmoeR 

EFFICIENCY 

efficiency 

WORK 

EfFlclFNcY 

efficiency 

ratio 

1 

•9*111 

.89309 

(RTU/L8M) 

32.056 

.87485 

.72093 

.41861 

2 

.91450 

.91957 

30.847 

.07380 

.70386 

*43227 

3 

.91068 

•93872 

29.037 

.80393 

•68308 

.44519 

A 

.91794 

•9*115 

28.427 

.87964 

.66529 

.45956 


SPOOL VORk » 
SPOOL P0«ER a 
SPOOL TOTAL- to TOTAL-PRESSURE RATIO * 
SPOOL TOTAL- To STATIC-PRESSURE RATIO ■ 
SPOOL TOTAL EFFICIENCY ■ 
SPOOL STATIC EFFICIENCY a 
SPOOL BLADE- TO JET-SPEEO RATIO ■ 


120*968 BTU P£H L8* 
no.o* HP 
J.B2IU 
3.93915 
•89176 
.82993 
•23999 
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M PROGRAM TDp - AERODYNAMIC CALCULATIONS FOR THE DESIGN OF AXIAL TURBINES ?# 


OPT IMliEO THREE STAGE VERSION OF NASA iP SPOOL AT REOUCEO TIP DIAMETER 


general input data 


NUHUER OF SPOOLS ■ I 

NUMBER OF SETS OF ANALYSIS VARIABLES « 1 

number of streamlines « 9 


G&S CONSTANT e 
INI ET MASS FLOW « 


*>3,35000 LBF FT/LBM DEG « 
1 17«SOOOO LBH/SEC 


• tabular inlet specifications * 


RAOUL 

TOt**- 

coordinate 

temperature 

(IN) 

(DEO R) 

14.1000 

1837,96 

14,4048 

1837,96 

14,6865 

1837,96 

14,9511 

1837,96 

15,2020 

1837.96 

IS. 4410 

1037.96 

15,6697 

1837,96 

15,8891 

1837,96 

16.1000 

1837,96 


total 

ABSOLUTE 

PRESSURE 

FLOW ANGLE 

(PSD 

IdEG) 

108.2258 

3,213 

lnB,79iJ 

4.376 

lfl9,229J 

5*153 

109.5756 

$•682 

109,861* 

6,036 

no, 1073 

6*260 

110.323* 

6,382 

110.5164 

6.421 

HO.6’1* 

6,392 
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©•• spool input data ©♦♦ 


*• OESioN REQUIREMENTS •• 


ROTATIVE SPEED « 46*6*0 RPM 

POWEW OUTPUT * ?0ll0,0o HP 


•* ANALYSTS VARIABLES *• 


NUMBER OF stages « 3 


* POWER-OUTPUT split * 


PRaCTION op 

STAGE NUMBER SPOOL POWER OUTPUT 


1 .33333 

2 .33^33 

3 .33333 


• SPEcIFIc-HEAT SPECIFICATION * 


DESIGN STATION NUMBER 

l 

z 

3 

4 

5 

6 
T 


SPECIFIC HEAT 
<btu/l«m DEG R) 


.27500 


27500 

27100 

27100 

26700 

26700 

26200 


© ANNULUS SPECIFICATION # 


STATION NUMBER 

AXIAL POSITION 
{IN) 

HUB RADIUS 

(IN) 

CASING RADIUS 
(IN| 

1 

T.saoo 

l4t0?50 

15,6667 

2 

9.0000 

14*1»Q0 

16,1000 

3 

ll.ooon 

14.1 667 

16,5333 
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4 

5 

6 

7 

8 
9 


13.0000 14.2334 16,9667 

15.0000 14.3000 17,4000 

17.0000 14.3667 17,8333 

19.0000 14*4334 18.2667 

21.0000 14.5000 18.7000 

23.0000 14.5*67 19.1333 


• 0 LAOE-HOW exit CONDITIONS • 


STATOR J 


Radial 

position 

(IN) 

15.0000 


PEHIdIONAL 
VELOCITY 
ORAOIENT 
(PER SEC) 

0.00 


*MtRL VELOCITY at the kEAn STREAMLINE «- 1200.0000 FEEt per sec 


motor i 


RADIAL 

POSITION 

(IN) 


meridional 

VELOCITY 
ORAOIENT 
(PER SEC) 


15.0000 -?oo*oo 


STATOR 2 


RADIAL 

POSITION 

(IN) 

16.0000 


meridional 

velocity 

GRADIENT 
(PER SEC) 

0.00 


WHIRL VELOCITY AT THE MEAN STREAMLINE • 1090*0000 feet per SEC 


HOTOH 2 


STATOR 3 


RADIAL 

POSITION 

(IN) 

16.0000 


RAOUL 

POSITION 

(IN) 


meridional 

VELOCITY 
GRADIENT 
(PER SEC) 

-200.00 


MERIDIONAL 
VELOCITY 
GRADIENT 
(PER SEC) 


17.0000 


0.00 
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WHIRL VELOCITY JIT the HE ah SThEAKlTHE • 1190*0090 FEET PER SEC 


ROTOR 3 

meridional 

RADIAL VELOCITY 

position gradient 

(IN) (PER SEC) 


17*0000 “200,00 


* BASIC INTERNAL LOSS CORRELATION * 


TAMINlET ANGLE) ♦ TAN'EXIT ANGLE) ( *03000000 » 

r a ATIKES* 

,60000000 ♦ *80000000 * CQS(EXIT ANGLE) t *05500000 * 


,157*5500 • (V RATIO)** 3,60) 
•15000000 *<<V RATIO)- <60Q>) 


IF (V RATIO) *LT. 
IF (V RATIO) ,0E* 


The PRESSURe-LOSS COEFFICIENT COMPUTED IN This ManNE* MAY hot EXCEED a limit OF 2*00000000 


•60000000 

•00000090 
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*** OUTPUT OF SPOOL DESTON, *N*LYSIS 


** STATOR INLKT l •* 


STREAMLINE 

RaOIaL 

m A SS-FLQW 

meridional 

A*UL 

WHIRL 

absolute 

absolute 

MACH 

ABSOLUTE 

TOTaL 

absolute 

total 

ABSOLUTE 

FLOW 

NUMBER 

position 

FUNCTION 

velocity 

velocity 

velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

A*0LE 

I 

UN) 

1**1000 

(LUM/SEC) 

0*00000 

(FPS) 

^16*977 

(FPS) 

516*816 

(FPS) 

28*833 

(FPS) 

517.701 

*25392 

<PSX) 

108*2196 

< 0 EO R) 
1837*96 

(DEO) 

3*213 

2 

j^.jees 

14* 687*9 

546*305 

545**14 

41*020 

547*844 

*26864 

108*7574 

1637,90 

4*323 

3 

14*6595 

29.37*98 

567.373 

565*214 

50*24? 

569*593 

.27965 

109,1055 

1837*96 

5.006 

4 


44*002*7 

582*662 

570,749 

56*95^ 

685*439 

• 20753 

109*5322 

1037*96 

5*623 

s 

15*1658 

50*7a997 

593*931 

567, *47 

6l.7 03 

597.J27 

*29335 

109*0224 

1637.96 

5.99 2 

6 

l5 *4f)b8 

73*A3746 

&02*346 

593,610 

64*664 

6o5*628 

*29769 

110*0745 

1037*96 

6*234 

7 

j5«6422 

88*12495 

6 0 ft*S97 

596. 87j 

66*663 

6 12*24q 

*300 ® 9 

llO.Z’ 9 * 

110*5045 

1037*96 

6.37 2 

H 

15*8729 

102*81245 

t> 1 3 • 1 Ob 

59a, 019 

67*339 

616*79 3 

.30316 

1037*95 

6*421 

H 

16,1000 

117.49994 

616,128 

597,343 

66,959 

619,756 

,30464 

110,6931 

1637,96 

6,392 


streamline 

STATIC 

static 

streamline 

slope 

streamline 

NUHBEH 

PRlSSURE 

TEMPERATURE 

ANGLE 

curvature 


(PSD 

(DEG ft) 

(OEG) 

(PER IN) 

1 

103*6942 

1818.49 

1*433 

*01111 

2 

103*6750 

1816*16 

3*274 

*00317 

3 

103*6707 

1814.4(1 

5*000 

-*00427 

4 

103*7026 

1813.07 

6*644 

-.01136 

b 

1 03*7466 

1812,07 

a. 220 

-•01019 

6 

103*0100 

1811*31 

9*765 

-*02482 

7 

103*0917 

1810.74 

11*266 

-*03129 

a 

103*9910 

1810*33 

12*737 

-•03763 

9 

1 0% • loTl 

1810.07 

14*185 

-.04337 





«• STATOR EXIT - ROToR INLET 1 •• 









absolute 

ABSOLUTE 

absolute 

ABSOLUTE 

streamline 

' RAOUL 

HiSS-FLOW 

KEHtOlONAL 

axial 

WHIRL 

absolute 

mach 

total 

total 

FLOW 

NUMflE H 

position 

FUNCTION 

velocity 

velocity 

velocity 

velocity ' 

number 

pressure 

temperature 

ANGLE 


UN) 

(LflW/SEC) 

(FPS) 

IFPSJ 

IFPS) 

(FPS) 


(PSD 

(deg R) 

(OEG) 

1 

14*1667 

O.OoOOO 

591,241 

590*913 

1266.420 

1397,636 

.70971 

105*9770 

1637.96 

64*986 

2 

1* *49q5 

14.68738 

591*241 

590.248 

1249.9J5 

1302. 69r 

•70150 

106*5245 

1037*96 

64*722 

3 

14,0045 

?9, 37476 

591.241 

509.261 

1233.167 

1367.577 

*69321 

106,9720 

1037,96 

64*459 
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4 

lS.lo'? 1 * 


*n*2*i 

567. 980 

1216,42* 

*J52,49q 

,0849? 

107*3436 

1837,96 

64,202 

5 

jS**o7* 

$8.7*952 

^91.241 

586,425 

1200*006 

JJ37.747 

•67693 

107,6600 

1037,96 

63*956 

6 

jS.69 /« 

?3,*3b9l 

591*2*1 

584*61$ 

1164,04 

1323.497 

,669*8 

*07,9385 

1837.96 

63*723 

? 


58,12*2? 

5? 1.2*1 

582*575 

1168,805 

*309,832 

,66*76 

10,1896 

1837,96 

63,507 

S 

10.^603 

I»2*«U6T 

*n*2*l 

580.30? 

1154,137 

1*96*765 

*65469 

108,4*99 

1837,96 

63,306 

9 

1&.S333 

l] 7*4990 

591,24* 

577,833 

1*40,085 

*284,274 

,64794 

108,6331 

1837,96 

63,123 





STREAMLINE 




RELATIVE 

relative 

RELATIVE 

relative 

*T»EaHUN£ 

ST#TIC 

static 

SLOPE 

ST KE*MLtN£ 

BL*0£ 

*£L*TIV£ 

MACH 

total 

total 

FLO* 

NUMBER ' 

?P£b5UH£ 

Tf^PeHaTURE 

ANGLE 

gURV^TURg; 

VELOCITY 

velocity 

*V*8£* 

pressure 

temperature 

ANGLE 


<psn 

into R) 

<0E0) 

(PEN INI 

(FPS1 

(FP$> 


(PSI1 

(DEO R) 

<QEO> 

1 

76*766? 

1696*10 

1,91(? 

0,00000 

574*374 

*10.21* 

*46220 

68,3103 

1756,27 

49,507 

Z 

77*7356 

1699,12 

3,32* 

,00800 

587.50Z 

|87*895 

-.45047 

68,7871 

1756.37 

48.297 

3 

78*620$ 

1702.14 

4*690 

,00001 

600,235 

§66**24 

.43903 

89,2*10 

1756.62 

47,046 

* 

79*4^86 

17q5. 1Z 

6*021 

,00001 

612*6*4 

«45,o7* 

.4279? 

89,5945 

*756.98 

45,761 

5 

80,22*3 

I7o6,00 

7,aia 

,00001 

624,676 

«24*963 

,4*745 

69,9*94 

1757,42 

44*453 

6 

80,9533 

1710.75 

6,584 

,00002 

636,453 

805,901 

*40747 

90,2843 

1757.9a 

43,130 

7 

61,6*00 

1713,37 

9.822 

,00002 

647,973! 

787,92* 

,39800 

90.6Q44 

1758*45 

41,797 

a 

82,2866 

1715,84 

11,035 

,00002 

*59,25* 

771,822 

,38926 

90,9x33 

1759,01 

40,457 

9 

e2«9 0 26 

17|S*18 

IZ#2Z* 

*90082 

678,32* 

755,1*2 

*38098 

91.2*29 

1759,59 

39,Iio 






40 

stage exit 1 

t ** 












absolute 

absolute 

ABSOLUTE 

ABSOLUTE 

STREAMLINE 

Raoul 

m a ss-flo* 

H«1 DIONaL 

A*IAL 

WHIRL 

A« SOLUTE 

HACK 

TOTAL 

total 

PLOW 

number 

PCSIUON 

FLECTION 

velocity 

VELOCITY 

velocity 

VELOCITY 

NUMBER 

PRESSURE 

temperature 

angle 


UNJ 

a$*/sec* 

1FPSI 

IFPS) 

(FPS) 

* ?FF$I 


tPSV 

Ices ri 

10E0J 

1 

1*,2J3* 

0*00000 

600,143 

599,8*0 

-4O0*»O2 

726,148 

,37*08 

73,7778 

1698,18 

-34,276 

2 

14,6905 

14.66766 

594.192 

693,232 

-412*050 

7 23,O03 

•37054 

73,8383 

1695,77 

*34,783 

3 

14.9*20 

29.3753S 

568.333 

586.452 

-413,794 

7 19,279 

,36879 

73 8012 

1693.6J 

-35.206 

4 

1S.2M86 

*4,06299 

582,556 

579.479 

-4l*,328 

* 7 14,87o 

,36669 

73.9 0 90 

169*,60 

-35,565 

5 

*5,6309 , 

58,75066 

576,851 

572,323 

-413,950 

710,008 

,3643* 

73.9247 

1689.9J 

-35,877 

6 

15,969* 

73*43832 

*7i.2q9 

564*992 

-*12*373 

7q*,&03 

,36*79 

73,9306 

1688,25 

-36,158 

7 

1 6,30*6 

♦ 88,12593 

565,623 

557,492 

-4X1«238 

699,318 

.35900 

73,9283 

1606,68 

-36,4*5 

8 

16,6369 

U2.&1W 

560*0^ 

549,830 

-4q9,*4 0 

693,406 

,35625 

73,9x88 

1685,19 

-36,654 

9 

16,9067 

1*7.50131 

554,583 

S42,ou 

7406,636 

667*692 

•35330 

73,9o27 

*603.77 

*36 *879 





STREAMLINE 




RELATIVE 

relative 

relative 

relative 

STREAMLINE 

STATIC 

STATIC 

SLOPE 

STREAMLINE 

BLADE 

relative 

MACH 

total 

total 

flow 

NUMBER 

pressure 

TE*PfcR A TURE 

angle . 

CURVATURE 

velocity 

velocity 

NUMBER 

pressure 

temperature 

ANGLE 


IMS 1 ) 

U)EG R) 

IDEG) 

u>e« inj 

IFPS) 

IFPS) 


tpsn 

toes «) 

(0CO) 

l 

67,3269 

1659,32 

1,909 

-.00002 

577,37* 

1154,180 

,59109 

84,5006 

1757,49 

•56,604 

2 

67,4258 

1657,2* 

3.256 

-.00002 

59* ,55$ 

1166,313 

,59760 

30,044* 

1757,4# 

-59,413 

3 

67,5223 

1655.49 

4,583 

-,00002 

605,007 

1177,160 

,60356 

89,5*64 

1757,6* 

-60,093 

4 

67.6*59 

1654,02 

5.092 

-.00002 

619.86* 

1 166,979 

,60865 

66,0127 

1757,85 

-60*737 

5 

67,7065 

1652.76 

7,184 

-•00002 

433*739 

1195,497 

,61372 

86,4$oQ 

1738,17 

-61,353 

b 

4?. 79*1 

1451.44 

3.*41 

-*00002 

44? ,46* 

1204.40* 

,4182* 

66,8665 

1759,54 

-61,9*9 

1 

67.8786 

1658.64 

9.726 

-.00602 

661,054 

1212,327 

,62250 

87,2638 

1759,95 

-42,330 

a 

fr7,96Hl 

15*9.74 

IC.981 

-,00002 

674*526 

12*4.0*7 

,62653 

87.6453 


-63,090 
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6&*U3R6 ' 

1648*92 

12« 226 

**00002 607.090 1227*017 

*63037 

saioi26 

1759*97 

•03*653 




•• STAGE i PERFORMANCE •• 






streamline 

StAtOH 

ROTOR 

STATOR 

PRESSURE' 

LOSS 

ROTOR 

PRESSURp 

LOSS 

stator 

B^ADE ROM 

roTqr 
BLADE R0« 

rotor 

ISENTHOPIC 

stage 

isentropic 

mwher 

Reaction 

REACTION 

COEFFICIENT 

coefficient efficiency 

EFFICIENCY 

efficiency 

efficiency 

1 

•37047 

.78063 

.07653 

•23081 

.94139 

• 83982 

*87479 

*02912 

2 

•39621 

•76120 

•97723 

•22128 

•94062 

*84661 

*07981 

*63402 

3 

*41650 

.73577 

.07706 

.21222 

*94002 

.85330 

,08479 

,04054 

4 

•43206 

•71196 

•07S38 

.20368 

*93947 

*85973 

*08960 

*84606 

s 

.44637 

.68977 

•07802 

•1957 3 

• 93897 

*66502 

•0**ij 

•J5133 

6 

♦45775 

•66913 

•07920 

•10040 

.93049 

*07154 

*89046 

•05630 

7 

•46742 

•64993 

.07955 

•18169 

.9380 3 

*07690 

*90250 

*66099 

9 

.47564 

,63206 

.07986 

.17556 

.93760 

.00190 

.90628 

.06539 

9 

•48257 

•61543 

•00014 

♦1699ft 

*93719 

*80655 

*90901 

*06952 


• mass-averaged quantities * 

STATOR BlAOE-ROW EFFICIENCY 9 

,93906 

ROTOR BLA0E.R0* EFFICIENCY • 

,86488 

STAGE WORK « 

40.322 0TU PE r L9M 

STAGE TOTAL EFFICIENCY u 

•05071 

STAGE STATIC EFFICIENCY ■ 

•703B9 

stage blade- to jet-speed ratio m 

*37115 

•• STATOR Exit - ROjoR ! 

INLET 2 *• 









ABSOLUTE 

absolute 

ABSOLUTE 

ABSOLUTE 

streamline 

raoul 

KjSS-FLOrf 

meridional 

A*UL 

WHIRL 

ABSOLUTE 

MACH 

total 

total 

FLOW 

NUMBER 

position 

fiwc t i°n 

velocity 

velocity 

velocity 

VELOCITY 

nuhre r 

PRESSURE 

temperature 

angle 


t In) 

ttBM/SECl 

(FPS) 

(FPS> 

(FPS) 

(FPS) 


(PSI) 

(deg ri 

I0EO1 

1 

14*Jooo 

0*00000 

595.647 

595.316 

1203*155 

13*2*527 

8 7q788 

71*1599 

1698.19 

63*674 

2 

l*.T3b2 

j*. 60682 

595*647 

594.625 

11*1.1*2 

1313*958 

•69211 

71.3069 

1695.71 

63*003 

3 

15.1S31 

29*37364 

595*647 

593*603 

11*1*965 

1207.975 

.67782 

T 1 *4310 

I69 3 .63 

62*534 

4 

15*5561 

44*06046 

595.64? 

592.207 

1115*016 

l26*. 1*3 

.66474 

71,5354 

1691.69 

62*023 

5 

15*9459 

58*74728 

595*64? 

590*705 

io*o«ooo 

1**2. 133 

.65269 

71.6235 

1689.9J 

61*545 

6 

16.3240 

73*43410 

595.647 

508,801 

1066*6*f 

1221*687 

.64153 

7 1.6978 

1680.25 

61,0*7 

7 

l*.69i7 

68*12092 

595.6*7 

586.836 

10*4*716 

1^02*591 

• 63113 

71*7602 

1686*60 

60*676 

a 

lTtOSol 

1O2*0OT74 

595.647 

584.504 

102**039 

1184*673 

.62140 

71*0123 

1685*19 

65.280 

9 

lTt4()0Q 

117,49655 

5*5.647 

582*1*1 

100**A52 

1167*703 

*01225 

71*8551 

1603*76 

59.9 0 5 
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STREAMLINE 

hUPUER 


1 

z 

3 

* 

5 

6 

7 

8 
9 


static 

PRESSURE 

(►’sn 


51.5733 
52,3897 
53.1221 
53 . (839 
5**JPb6 
54.9358 
55.A4U 
Sb,9o74 
56.3392 


STREAMLINE 


static 

SLOPE 

streamline 

Te^i'ERaTUHe 

ANGLE 

CURVATURE 

(nfctf hi 

10EG1 

IP£H IN| 

1565*37 

1.909 

*00002 

1568.55 

3,357 

,00002 

1571,38 

4.748 

.00002 

1673.92 

6.008 

oQQOOl 

1576,20 

7.306 

*00001 

1578.26 

0.644 

.00001 

lbtiii’.io 

9,867 

.00001 

1581.76 

11,060 

•ooooo 

1583,27 

12.224 

oOOOOO 


SLADE 

relative 

RELATIVE 

MACH 

velocity 

velocity 

number 

(FPS) 

(FPSI 


579,779 

^62.203 

,45462 

597.423 

027,0*7 

795.709 

.4356* 

614,368 

.*1075 

430-706 

767,692 

,*0368 

646.510 

7*2.616 

• 39 0 2l 

561.84ft 

720*100 

.37810 

676.7*8 

700.139 

•36744 

691,270 

602.29* 

,35789 

705*465 

666.474 

,34942 


relative 

relative 

RELATIVE 

total 

total 

FLOW 

PRES5URE 

TEMPERATURE 

ANGLE 

(PSI) 

toEG R) 

iDEGI 

59,06*8 

1620.15 

46,319 

59.3670 

1618,96 

43,977 

59.6357 

1618.04 

41 ,631 

59.8936 

1617.35 

39.273 

60*1*30 

1616.04 

36.099 

60.3056 

1616,48 

34,505 

60,6229 

1616.23 

32.089 

60,6560 

1616,07 

29,650 

61,0859 

16 16.00 

27,165 


•* STAGE EXH g *• 


STREAMLINE 

number 


1 

2 

3 

4 

5 

6 

7 

8 
9 


RADIAL 

mass-flow 

hehioIonal 

axial 

WHIRL 

position 

FUNcTjON 

velocity 

velocity 

Velocity 

< IN) 

(LRM'SECl 

(FPS) 

(FPSI 

(FPSI 

!♦* J067 

0*00000 

662.619 

662,231 

•*485,754 

l4.0 d 02 

]4*68622 

654.9 2 7 

653.052 

•402*524 

lb.*79S 

29,37244 

6*7.405 

645,296 

•470,5*2 

lb . ^210 

44,05066 

640,03* 

636 S9* 

-473, 09 O 

16.1563 

58.7*400 

632.793 

627,75* 

•460*556 

16,3030 

73.4310 9 

625*667 

610.703 

•462*5*9 

1 7 . 0003 

' 00.11730 

6*8.642 

6q9.685 

•456* 015 

17.4216 

102*®035l 

611*704 

600*465 

-4*9*111 

17.0333 

117,40972 

6o*.043 

591.126 

-*41*9 2 4 



ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

MACH 

total 

TOTAL 

FLOW 

VELOCITY 

NUMBER 

PRESSURE 

TemPERaTuRe 

angle 

(FPSI 


(PSD 

(deg ri 

(OEG) 

621.597 

.*♦097 

47,9696 

1553.59 

-36.260 

^13**®5 

.43705 

40,000 1 

15*9, 6 2 ' 

• 36.426 

005,069 

,*3290 

40,0165 

1546.01 

-36,560 

*96,376 

.42055 

40,0201 

15*2.71 

• 36 ,665 

707.303 

.42390 

46.0116 

1539.7 0 

-36,738 

778. g8p 

.*1921 

47.99j6 

1536. 9 2 

-36.779 

768,549 

• M4Z* 

47.9520 

1534.35 

-36.795 

758.069 

.4092* 

. 47,92*8 

1531.9s 

-36.79* 

749, q87 

.* 0*12 

*7.0012 

1529, 7 0 

-36.702 


STREAMLINE static 

NUMBER PRESSURE 

(Rsn 


1 42*1791 

2 *2.2996 

3 42*4136 

4 42.5206 

5 42*6211 

6 42.7153 

7 *2. Boas 

e 42*8866 

9 42*9646 


st a tic 

STREAMLINE 




RELATIVE 

relative 

relative 

relative 

SLOPE 

streamline 

BLADE 

relative 

MACH 

total 

total 

FLOW 

tekpe«a ture 

angle 

CURVATURE 

Velocity 

VELOCITY 

number 

pressure 

temperature 

angle 

(OEG R) 

(OEG) 

(per ini 

(FPSI 

(FPS) 


(PSD 

(deg R> 

(DEG) 

1*03.10 

l.9io 

0.00000 

582.483 

1257.058 

,67469 

56,6386 

1621.30 

— 56 ,2Tfl3 

1500.12 

3.203 

• ooooo 

601*196 

1266*245 

«60 O 29 

57,o7j3 

1620*05 

,50.896 

1*97.53 

4.626 

.00001 

619.49J 

1274,602 

•60542 

57.4751 

1619,06 

-59.550 

1*95.20 

1*93.33 

5.9*3 

7.235 

*00001 

.00001 

637*426 

655*039 

1202*4*5 

1289*533 

-69 0 ii 

•69430 

S7.05l9 

58*2019 

1610*29 

1617.71 

•6o*l95 

- 60.800 

1*91.64 

0,500 

,00001 

672,37a 

1295,959 

.69823 

58,5253 

1617,26 

-61,400 

1*90.17 

9,762 

•00002 

689*464 

l3oi.06o 

*70176 

50.0262 

1616.94 

-61,976 

1468.80 

11.000 

*00002 

706.341 

1307*303 

•70504 

59*1092 

1616.73 

•62.5*0 

1*07.73 

12,226 

*00002 

723,033 

1*12*615 

,70013 

59,3771 

1616,60 

-63,096 


*® STAOE 2 PERFORMANCE »• 
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stator rotor 








PRESSURE PRESSURp 

stator 

ROTOR 

ROTOR 

STAGE 

STBLAHtIKE 

StftT&R 

rotor 

LOSS LOSS 

blade Row 

BLADE ROW 

ISENTROPIC 

isentrcpic 


Reaction 

REACTION 

coefficient coefficient efficient 

efficiency 

efficiency 

efficiency 

1 

.5*068 

.68589 

.13363 .17678 

.90316 

.87863 

•89045 

.81942 

2 

•5503) 

.653)5 

.13378 .1629? 

.90227 

.68783 

.89828 

.82914 

3 

•5se*er 

.62424 

•13360 .15109 

•90154 

.89609 

.90536 

.83803 

* 

.56550 

•59862 

.13370 ,14079 

.90097 

.90342 

.91167 

.84611 

5 

•57)60 

.57588 

.13350 .13231 

.90052 

.90973 

.91712 

.85329 

6 

.57*91 

.55571 

.13322 .12562 

.90017 

.91494 

.92165 

.85953 

7 

.58152 

*53780 

.13287 .12032 

.8999 1 

.91922 

.92538 

.86493 

b 

.58546 

*52188 

.13246 .1161* 

.89972 

.92274 

.92844 

*86964 

9 

.58889 

.50775 

.13198 .11287 

.89961 

.92560 

.93094 

.87374 




® mass-averaged quantities » 






ST6T0R etAOE-ROtf EFFICIENCY » 

.90081 






ROTOR BMOE-ROW EFFICIENCY * 

.90701 







stage work ■ 

40.322 1 

aiu PER L8* 






STAGE TOTAL EFFICIENCY » 

•05090 







STAGE STATIC EFFICIENCY » 

•67721 






stage blade- to jet-speeo ratio » 

•37628 







** STATOR EXIT - ROTO* ! 

INLET 3 •* 












ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

streamline 

PaUIaL 

mass-flow 

meridional 

A*UL 

WHIRL 

absolute 

MACH 

total 

total 

FLOW 

number 

position 

FUN C TlON 

velocity 

velocity 

velocity 

velocity 

NUMBER 

PRESSURE 

temperature 

angle 


UN) 

<LBN/SEC> 

f F PS > 

(FPS) 

CFPS) 

‘ (FPS) 


(PSD 

(DEG R) 

(DEG) 

1 

1*.*334 

0.00000 

7i5.*64 

715.067 

' l3Sl.*94 

1^29. )9) 

,65699 

45.82)5 

1553,59 

62.117 

2 

1*.99*5 

1 *. 686 ( >1 

715.464 

7l*.l9) 

1304.022 

1487 , *01 

•«3i9e 

45.9593 

1549,62 

61.291 

3 

25.52*3 

29.372*2 

7 IS .*6* 

7i2.V 0 8 

1262 . 00 * 

l*5o«7oS 

♦«ioo9 

46.o7(j9 

1546*01 

60 , 53® 

4 

1*«0279 

*4.05863 

7)5.464 

711.279 

1224.28) 

1418*010 

,79 0 77 

46.1606 

1542, T) 

59.844 

5 

l6,5o9* 

58*7*484 

715.464 

709.350 

U90.000 

)388.52o 

.77345 

46.23)6 

1539, 7 0 

59,201 

6 

!6.97i7 

73-43105 

7)5.464 

707, )56 

1)58.52* 

)36i .64) 

.75773 

46.2863 

1536, 9 2 

56.600 

7 

l*'.4l7* 

88.11726 

7 15,464 

704.725 

1129.382 

1^36.934 

.74336 

*6.3271 

1534,35 

58.036 

8 

1 / .ri*85 

102.8q3*7 

7i5.46* 

7o2.o79 

1102*219 

)3)*. 0 69 

.7aoo 7 

46.3562 

1531*95 

57.504 

9 

1^*2667 

1 1 7. *8969 

715.464 

699.239 

1076.7S 0 

1292.700 

.7)775 

46.3754 

1529, 7 0 

57.000 





STREAHLINE 




RELATIVE 

relative 

relative 

RELATIVE 

STREAHLINE 

static 

STATIC 

SLOPE 

streamline 

BLADE 

relative 

MACH 

total 

total 

FLAW 

AUM8FP 

pressure 

TEMPERATURE 

ANGLE 

CURVATURE 

velocity 

velocity 

number 

PRESSURE 

temperature 

angle 


ipsii 

{DEO Hi 

(OEG) 

{PER INI 

1FPS) 

(FPS) 


IPS!) 

(OEG R) 

(OEG) 

1 

28.7777 

1378.68 

1.909 

-.00002 

585.188 

1040.386 

.58753 

36.0593 

1460,89 

46,98) 

2 

29.6054 

1384.14 

3,419 

-.00002 

60T.937 

998,210 

.55831 

36.3141 

1458,67 

44,264 

3 

30.3251 

1388.59 

4.845 

-.00002 

629.416 

J55.016 

.53329 

36.5526 

1456,8) 

41.584 

4 

30.9586 

1392.31 

6.200 

-.00002 

6*9.836 

*17.53* 

.51168 

36.7787 

. 1455.28 

30.9P5 



5 

3 i.$*t0 

13*5,49 

7,496 

-.00002 

669*356 

#84*A5o 

,49209 

36,9948 

1454,05 

36,276 

6 

32.026$ 

]J*0»24 

8,740 

-.00002 

60*. loi 

$66,263 

*4 7649 

37,2030 

1453,08 

33,633 

7 

3**4821 

J*00.66 

9,940 

-.0 0002 

706*17? 

«31*2$Z 

,46Z|S 

37,4051 

14§2,34 

30.986 

8 

32#«S9$ 

1*02.7? 

11.100 

•*00002 

723*$$l 

$09,4*6 

.44971 

37,6027 

1451,8s 

28,334 

9 

33.2733 

14Q4.69 

U*22$ 

**00002 

740**0*. 

790*495 

.43888 

37.7970 

1451,43 

25*675 





** 

STAGE £*IT 3 

a* 













ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

ABSOLUTE 

*T0E*MUN£ 

RftOiAL 

Miss-Tujw 

MENIOIGNAL 

**r&L 

wwlfct 

ABSOLUTE 

Mach 

TOTAL 

total 

FLOW 

„ NUMBER 

PC5I7J ON 

FUNC 1 10#»* 

velocity 

¥£LQc!T¥ 

VELOCITY 

VELOCITY 

NUK8E* 

PRESSURE 

T£KPe*UTu*£ 

AHOLE 


tlNJ 

tl5H/S£C* 

(FPS) 

1KP$> 

tFPSl 

{FPS7 


(psn 

*oeg r> 

tOEOl 

l 

1**$P0Q 

o.ooono 

764,430 

763,995 

-308*573 

842.94s 

,47521 

29.8333 

1407,60 

-21.404 

2 

l$.0693 

I4,696j9 

774,942 

773,651 

-314,189 

“36.211 

,47g30 

29,6277 

1401,68 

-22.103 

3 

jS.bgg* 

29.37238 

765,724 

763*iW6 

-317,33? 

«e8.fl74 

,46693 

29.^25 

1396.30 

-22*577 

4 

1**1614 

44 , 8565 ? 

756.740 

752,610 

-310*5*9 

*21.05* 

,46518 

29.7686 

13? 1*39 

-22.9*1 

5 


58,74474 

747,962 

741*926 

-31ft*338 

S 12*88S 

.46J16 

29,7585 

1336,89 

-23,223 

6 

1 7*2040 

73.43095 

739.363 

731.1*6 

-317,03? 

3C*«467 

.4&69J 

29,7226 

1382.76 

-33,442 

7 

1 7 • 7 1 06 

8®, 1 1 7^4 

730,926 

720*268 

-3J4.872 

795.857 

,45g48 

29.6022 

1370.96 

-33.613 

a 

18.2089 

102.60333 

722.615 

709,295 

-31?,03p 

787,109 

.*4792 

29.6380 

1375.45 

-33.746 

9 

1*.7000 

117.48952 

714,430 

698,232 

• -3Q0 ,6*fl 

778*251 

,44325 

29,590? 

1372*19 

-23,847 





STREAMLINE 




relative 

RELATIVE 

relative 

relative 

STHeaKUNE 

STATIC 

STaHC 

slope 

streamline 

0LAUE 

RtUTjVe 

mach 

total 

total 

now 

NUMBER 

PRtSSUHfc 

T£nP£RaTU8E 

ANGLE 

CURVATURE 

velocity 

VtLOClTv 

number 

PRESSURE 

temperature 

ANGLE 


<PSI) 

<OEG R) 

<OEGl 

<pe« m 

<FFS) 

iFPS) 


*p$n . 

_ <DEG *1 

<GEG1 

1 

25,6791 

1353*44 

1.9 0 9 

.00002 

507,86a 

1191,206 

,67154 

34 t 4*92 

1461,60 

-40,029 

2 

2$.f20S 

1340,30 

3,307 

.00002 

4l0*97 n 

1*06,036 

,60163 

34,6010 

i*59,4o 

.50,096 

3 

2$. 7*0$ 

1343,93 

4,665 

.00002 

533,39* 

1^20*741 

>9 0 62 

35,1251 

1*57*5? 

-51,2*5 

4 

2$ • 7900 

* 1340.00 

5,989 

.00002 

455.2*7 

1233. ?6h 

.69073 

35.425* 

1*55.93 

-52.301 

S 


1336,52 

7.203 

*00001 

674.6^2 

*244, 73<j 

*j06l 4 

35 .7 o*4 

1*64.62 

-53,280 

6 

2&.8700 

1333.43 

8,550 

♦00001 

59?.5 2o 

1255,378 

*?130i 

35,9715 

1*53,56 

•54,221 

7 

g$.9O20 

1330,60 

9.79* 

♦00001 

718,05* 

1265,381 

,71943 

36*223* 

1*52.73 

-55.112 

3 

26,9330 

1320,22 

U,01» 

•00000 

730,261 

l2T*,87 3 

,72550 

36,464* 

1*52.11 

-15,966 

9 

25*9630 

1324,02 

12.224 

“•00000 

758*173 

1*83.945 

.73127 

36.6959 

1*51.68 

-56*793 





** STAGE 3 PERFORMANCE *# 






streamline 

STaTOP 

ROTOR 

STATOR 

PRESSURE 

LOSS 

rotor 

PRESSURE 

LOSS 

stator 
bVade row 

ROTOR 

BlA'Jt ROW 

ROTOR 

ISENTROPIC 

stage 

isentropic 


NUHHEfit 

reaction* 

REACTION 

COEFFICIENT COEFFICIENT EFFICIENCY 

EFFICIENCY 

efficiency 

efficiency 


1 

.53728 

•80010 

• 1260* 

•19074 

*91560 

.87391 

#89266 

,61126 


Z 

*5*69? 

*82713 

• 12*60 

•17367 

♦91509 

*88473 

*90056 

,«2285 


3 

.5549$ 

*70232 

•12357 

•!$9$t 

*91*75 

,59425 

,90766 

*03325 


4 

.56J62 

♦7*399 

*12233 

♦1*779 

*91457 

,90261 

•91*01 

*8*262 


b 

*56707 

♦71080 

#l?iot 

« 1 37fl«, 

.9145* 

•Vlnno 

•91969 

•861 T» 
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6 

,S7l*3 

.68206 

.11960 

.129*? 

*91*71 

,91653 

.92*76 

.85686 

7 

*57466 

•65693 

•11811 

,1222* 

♦91501 

.92227 

*92925 

.86589 

8 

•57750 

,63*92 

,11656 

.11*1* 

.915*1 

*92729 

.93320 

,87226 

9 

•5794* 

*61566 

♦ 11*96 

*11097 

•91590 

•93165 

.9366* 

.87000 


* mass-averaged quantities * 


STATOR BLAOE-ROW EFFICIENCY n .91*90 

ROTOR BLADE-ROW EFFICIENCY m ,90756 


stage WOrk « 

STAGE TOTAL EFFICIENCY ft 

stage static efficiency ■ 
STAGE BLADE* to JET-SPEEO RATIO ■ 


*0,322 0TU PER LBN 

•©♦891 

•66738 

00593 
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•*• SPOOL PERFORMANCE SUMMARY <MASS-A VERGED QUANTITIES) •** 


stage 

STATOR 

hlade-rou 

ROTOR 

8LADE-ROW 

STAGE 

STAGE 

total 

stage 

static 

STAGE 
blade- to 
JET-SPEED 

NUMBER 

EFFICIENCY 

EFFICIENCY 

WORK 

efficiency 

efficiency 

ratio 

1 

.93906 

,86*88 

(BIWLBVO 

♦0.322 

.85071 

.70389 

.37115 

2 

.90081 

,90701 

40*322 

,85o9o 

.67721 

.37628 

3 

.91498 

.9 0 756 

40*322 

,8489] 

.66730 

,38593 


SPOOL work » 
SPOOL POWER • 
SPOOL TOTAL- To TOTAL-PRESSURE RATIO « 
SPOOL TOTAL- To STaTJc-PRESSURe RATIO • 
SPOOL TOTAL EFFICIENCY * 
SPOOL STATIC EFFICIENCY * 
SPOOL BLADE- TO JET-SPEEo RATIO ■ 


120.96T BTU PE« L0M 
20110,00 HP 
3.68842 
4*24710 
',86487 
•79387 
•23527 



